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EDITORIALS 


THE CURRENT ISSUE OF THE 
AMERICAN JOURNAL OF SURGERY 


T is possible that greater interest is being manifested in 
anesthesia at the present time than during any preceding 
period following the first successful venture, almost a 

century ago, into the application of anesthetic drugs for the 
relief of the pain incurred by surgical procedures. This may 
probably be explained by several factors, the three most 
important of which have been the introduction of newer 
anesthetic agents and methods, the cooperation of a group 
of increasing numbers of surgeons, and the progress accom- 
plished by medical men concentrating exclusively on anes- 
thetic problems. 

Of the new agents, it appears as though cyclopropane 
is the most important since it possesses characteristics 
common to no other gaseous inhalation anesthetic. Pen- 
tothal sodium and evipal are being employed at some 
institutions with increasing frequency. A few anesthetists 
have already placed great confidence in the technique 
of epidural anesthesia. The carbon dioxide absorption tech- 
nique for the administration of inhalation anesthetics has 
proved to be of indispensable character. It is to be regretted, 
however, that in many instances, individuals will employ 
newly introduced agents with but little knowledge of their 
pharmacological action, their capabilities, their limitations 
and their dangers. Perhaps nothing is more detrimental to 
progress than persistent, ignorant and illogical application 
of the newer agents and methods. 

The field of anesthesia is deeply indebted to the far-sighted 
surgeons and surgical staffs, who have realized the many 
virtues and indispensable character of an efficient depart- 
ment of anesthesia, composed of specialists in this subject. 
By cooperation and encouragement, both departments 
have profited. Conceptions of value concerning the impor- 
tance and advocacy of possessing a medical anesthetic 
service can come only from those surgeons who have had 
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long contacts with this type of service. 
We are fortunate in being able to publish 
as editorials the ideas of three surgeons 
who perform their surgery under such con- 
ditions of anesthesia. 

The present day possibilities of anes- 
thesia have been accomplished largely by a 
number of anesthetists who have proved 
to be indefatigable seekers of improvement. 
They were dissatisfied with anesthesia 

which implies only obtundation of pain and 
provision of a suitable operative field. In 
addition, there was sought a maintenance 
of as near normal physiology during nar- 
cosis as is possible. They, therefore, 
attempted to provide for themselves and 
others, the necessary broad medical train- 
ing in order to accomplish this. For it is 
now appreciated that a full knowledge of 
the basic sciences is essential to apply the 
older agents and methods more intelli- 
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gently, and to derive the benefits and 
advantages offered by the newer portions 
of the available anesthetic armamentarium 
with safety. The efforts of these same 
anesthetists are responsible to a large extent 
for the formulation of some of the new 
techniques. Many laboratory investigators 
for a long time have been fascinated by the 
rich opportunities for research offered by 
the field of anesthesia. Close cooperation 
and association between those in research 
and those active in the clinical application 
of anesthesia have provided us with new 
agents and much valuable information. 
The activities of some anesthetists have 
emphasized the logic of placing the re- 
sponsibility of resuscitation upon anes- 
thetists. It was largely from these cited 
sources that the contents of this issue were 
obtained. 
Henry S. Rutu. 
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PROGRESS OF ANESTHESIA 


HE field of anesthesia within the last 

few years exclusive of thoracic sur- 

gery, has perhaps shown greater 
progress and development than that of 
surgery itself. Surgical progress has been 
so remarkable that a large part of the 
slack, to speak figuratively, has been 
taken up. Surgical development continues 
but of necessity at a lessened rate of speed. 
Due to the fact that a large number of 
capable men have applied their minds so 
zealously to surgical research and surgical 
improvement, the field has been quite 
thoroughly worked. 

Anesthesia within the last few years has 
been almost a virgin field with the result 
that development in it has been rapid, 
gratifying and almost startling. One of the 
factors which has restrained progress in 
anethesia has been the dominance of the 
surgeon over the anesthetist. It was the 
surgeon who selected the anesthetist and 
the anesthesia. He accepted also the 
responsibility for the anesthesia and not 
infrequently dominated its rate of induc- 
tion and depth. Added to this situation is 
the fact that standardized ether anesthesia 
was, up to a few years ago and in many 
hospitals without trained anesthetists, per- 
haps wisely still is, the commonly employed 
anesthetic. Further add to this situation 
the fact that many anesthetists were inade- 
quately compensated for their services and 
rarely saw the patients again after the 
operation and so attained little recognition 
and less satisfaction. Hence, one can 
readily appreciate the fact that there was 
little incentive for capable men to enter 
this field and to interest themselves in its 
development. 

Fortunately, there is now growing up in 
this country an active group of anesthetists 
who by their organizing efforts are so rais- 
ing the standards of anesthesia that they 
have won and earned for themselves and 
anesthesia the recognition which they 
deserve. 


Hospitals will do well to acquire or have 
trained an anesthetist versed in the 
technique of the many new and varied 
types of anesthesia now available. The 
changing aspects in this field are evidenced 
by the fact that in the Lahey Clinic last 
year In 4232 anesthesias given, ether was 
used in only 389 cases and in only 142 of 
these was it the principal drug used. 
When one realizes that spinal anesthesia 
requires not only skillful introduction but 
much more important, most careful selec- 
tion and even still more important, ex- 
tremely careful watching for blood pressure 
and respiratory emergencies during its 
course, it becomes evident that the day 
when the surgeon can give spinal anesthesia 
for high abdominal operations and then 
turn the anesthesia over to a nurse for 
observation should be passing. 

Some of the various types of anesthesia 
have but to be mentioned for one to appre- 
ciate their inestimable value to the patient 
and the surgeon; cervical block with mety- 
caine in operations upon esophageal diver- 
ticulum, thus enabling the patients to 
swallow on request so that the sac can be 
readily identified; cyclopropane with its 
50 to 85 per cent oxygen mixture for 
patients with severe hyperthyroidism, or 
with tuberculosis requiring thoracoplasty, 
or with primary carcinoma of the lungs and 
requiring removal of all of the lung on one 
side. In any case the patient rests upon the 
sound side of his chest and so is benefited 
by the high oxygen percentage in the 
anesthesia mixture; the value of intra- 
tracheal anesthesia in intrathoracic goitre, 
the indwelling tracheal catheter preventing 
collapse of the trachea and choking during 
the removal of the intrathoracic mass, the 
combination of intratracheal anesthesia, 
field block, and splanchnic anesthesia in 
the bad risk abdominal cases too handi- 
capped for spinal anesthesia or ether; the 
employment of avertin anesthesia particu- 
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larly adapted for orthopedic cases and for 
nervous patients who can be put to sleep 
in their room and awaken again in their 
room; intravenous evipal anesthesia of a 
few minutes duration for removal of 
drains, the reduction of fractures and the 
manipulation of joints and sacral anesthe- 
sias for electrocoagulation of hypertrophied 
prostates. 

The progress in anesthesia is distinctly 
real and practical. Trained anesthetists 
have much to offer the patient in the way of 
diminished discomfort and even more in 
the way of lessened risk. They have like- 
wise much to offer surgeons in the way of 
making operating conditions easier for 
him. He will do well to seek and seriously 
consider their advice as to the type of 
anesthesia, the grade of risk and the need 
for emergency measures, transfusion or 
infusion during the operative procedure. 

The newer forms of anesthesia demand 
capable and experienced men for their 
employment. Such men must not only be 
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given recognition but the opportunity to 
train other men in this field. 

The training of men in anesthesia has 
not kept pace with the other progress in 
this field. Hospitals will ultimately realize 
that the present attitude regarding rela- 
tively low cost anesthesia wil] prove a 
penny-wise and pound-foolish policy. Cer- 
tainly one of the present practices in 
anesthesia should be frankly condemned; 
in the light of the present progress in 
anesthesia it Is quite wrong for hospitals 
to show a profit by charging for nurse 
anesthetists, even though this profit is 
utilized in other departments of the hos- 
pitals. Nurse anesthetists definitely have 
their place under physician anesthetists in 
keeping hospital costs down but not as 
income earners for hospitals. If there 
should be a surplus income for anesthesia, 
it should be devoted to that for what it is 
paid by the patient, that is the best 
anesthesia possible and the training of 


better anesthetists. 
FRANK H. LAHEY. 


ANESTHESIA IN THE MEDICAL SCHOOLS 


ET us hope that this issue is evidence 
of a Renaissance in anesthesia. 
Introduced in America ninety years 
ago, enthusiastically received throughout 
the world, and impelled by the ever in- 
creasing needs and opportunities for its 
application, one would have predicted that 
the development of this specialty would 
have been systematic, logical and con- 
tinuous. Contrary to this expectation its 
progress has been apathetic. For this 
apathy the medical school has been chiefly 
responsible, the surgeon particularly and 
the anesthetists specifically. 

In medical education the notion has pre- 
vailed that if anesthesia were taught it 
could be presented by any lecturer, regard- 
less of training and special scientific 
background. Its importance was mini- 
mized; its interest depreciated. Graduates 
in medicine who, by choice, or not rarely 
for reasons less worthy of admiration, be- 
came specialists in anesthesia, did so by the 
simple convenient method of self proclama- 
tion. Their education was obtained through 
experience and by the slow, dangerous 
process of trial and error. They had no 
opportunities to learn from the masters in 
the science. Thought, study and action 
were undisciplined. 

It has long been recognized that coopera- 
tion between the different branches of 
science is essential to progress. Most of the 
advances in medicine have resulted from 
the ‘reflection of new knowledge in one 
science upon the problems of another. 
Modern surgery is composed of an extra- 


ordinary large number of intricately re- 
lated factors, not the least important of 
which is anesthesia. Surgery has neglected 
its handmaiden and become absorbed in 
technique. The ultimate goal, anesthesia 
which offers the utmost in convenience and 
does not expose the patient to serious dan- 
gers, cannot be obtained without the 
cooperation of surgery, anesthesia and its 
allied sciences. Changes and experiments 
must come and future advances must be 
made with confidence and promise. The 
surgeon must walk arm in arm with the 
anesthetist along this road of clinical 
efficiency. 

The aspirant in anesthesia should be 
given encouragement and opportunity— 
two requisites which at present are insuffi- 
cient. This is medical education and it 
should be developed in medical colleges 
and affiliated institutions. The leaderships 
should be placed in the hands of men 
versed in theory and possessing critical 
ability, originality and developed judg- 
ment. Under university regime, a rigid 
scientific spirit may be directed toward 
practical problems and the study of these 
problems encouraged under the best con- 
ditions. Recently, in a surprisingly few 
isolated instances, such organizations have 
been developed. The need to increase this 
number is acute. It is determinate upon 
Surgery to accept this responsibility and 
further the progress of its most essential 
accessory or suffer the consequences of 
inaction. 

ARTHUR M. WricGut. 
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ANESTHESIA AND SURGERY 


INCE time immemorial means to 
S alleviate pain and suffering have been 

sought. The great stumbling block to 
advances in surgery was the absence of a 
suitable agent. With the advent of the 
nineteenth century and the discovery of 
oxygen and nitrous oxide, the anesthetic 
possibilities of nitrous oxide were recog- 
nized by Sir Humphrey Davy. Valerius 
Cordis had discovered ether in the sixteenth 
century and recognized its power to allay 
pain. Both of these agents had to wait until 
their clinical possibilities were discovered. 
Ether had to wait for Long and Morton. 
It was fortunate indeed that this new agent 
was a 100 per cent anesthesia, for its 
application was universal and the margin 
of safety great enough so that a novice 
could give it; and it was given to the novice 
to administer and has remained there. 
Advances in anesthesia were thus held up 
because anesthesia, together with antisepsis 
and asepsis, opened up new fields—not only 
in surgery but in all branches of medicine. 
The advances that have been made re- 
semble some of the medieval periods, in 
that it was due to individuals who might 
happen to be interested in some new drug 
and its pharmacologic action. Such men 
as Koller, Corning, Schleich, Crile and 
Luckhardt have contributed to the dis- 
covery of cocaine as a local agent, the 
hypodermic and spinal anesthesia, infil- 
tration anesthesia, anoci-association and 
ethylene. Within recent years, due to a 
new interest in anesthesia on the part of the 
medical profession, investigation has re- 
vealed many new facts. These facts have 
been applied clinically so that anesthesia 
presents a much wider field. 

The clinical application, for the most 
part, was effected through the clinical 
efforts of the surgeons who were interested 
in the subject of anesthesia. Within the 
present generation there has arisen an 
interest in the science and art of anesthesia 
in medical men who are not primarily 
surgeons. Due to their efforts the science of 
anesthesia has progressed and the art has 
been greatly amplified. 


Anesthetic agents have been classified 
depending on the depth of anesthesia that 
can be produced. There are only five 
100 per cent anesthesia agents: ether, 
chloroform, ethyl chloride, vinyl oxide and 
cyclopropane. The other agents used in 
anesthesia are only capable of reaching up 
to and into the third stage. 

The difference patients present to the 
taking of an anesthesia depends on their 
metabolism. The metabolism represents the 
reflex irritability of the patient and the 
oxygen need. The metabolic condition of 
the patient and the type of operative inter- 
ference planned determine the preoperative 
medication and the anesthetic agent that Is 
to be used. The metabolic rate is influenced 
by age, endocrine imbalance, fever, pain 
and emotional excitement. 

Anoxemia, acapnia, hyperpnea, acidosis 
and alkalosis play a role in each anesthetic. 
With the newer anesthetic agents where the 
limits of safety are narrower, and the 
change from one stage to another occurs 
very rapidly, the science of anesthesia is 
very closely related to the art. 

The stages of anesthesia have been 
divided into four. The third stage has four 
planes. The amount of anesthesia neces- 
sary to allay reflex excitability of different 
tissues has been determined. Anoxemia, 
acapnea and hyperpnea have been evalu- 
ated as to the physiologic results on tissue. 
The potency of anesthetic agents with 
reference to the stage of anesthesia that 
may be produced has been determined. A 
rational basis for premedication of opera- 
tive cases has been formulated. New 
methods of application of anesthetic agents 
have been worked out and new signs for the 
different depths of anesthesia discovered. 
These facts with their clinical application 
present a much greater field, and in order 
to master them necessitates a_ special 
preparation in this field conferable to any 
field in medicine. A general medical train- 
ing is necessary, and also a special study of 
the basic sciences with reference to anes- 
thetic agents, and also a skill in the art. 

Erwin R. Scumipr. 
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THE RECOGNITION OF ANESTHESIA AS A SPECIALTY 


surgery, was born and fostered in 

the United States and while many 
physicians have been accepted by both 
the lay and medical public as specialists in 
this branch of medicine, the art itself has 
not been recognized officially by our 
national governing body, although most 
foreign medical associations and some of 
our own state medical societies have done 
so and granted sections on anesthesia. 

If this oversight is intentional and based 
on standards maintained two or three 
decades ago, there might possibly be some 
excuse for this omission but today’s prog- 
ress in anesthesia, evidenced by marked 
advancement in the technique of adminis- 
tration, evaluation of the risk to patients, 
new agents and apparatus, analyses of end 
results and research findings, and improved 
methods of detailed instruction, entitle 
physicians practicing this art to the same 
consideration and prestige that recognition 
bestows upon practitioners of other medi- 
cal endeavors. 

These advancements are the result of 
the activities of national, international 
and local anesthesia societies aided by 
pharmacologists, physiologists, surgeons, 
biochemists, cardiologists and inhalation 
therapeutists together with the papers and 
demonstrations offered by the members at 
the stated meetings. 

Excellent journals devoted to anesthesia 
and its corollary subjects are published 
regularly and books written by the individ- 
ual members are available to the students, 
graduates and undergraduates in most 
medical libraries. Regular services are now 
open and often compulsory for internes in- 
volving definite curricula and instruction 
and three or four schools for postgraduates 
are functioning. 

These schools require from one to three 
years attendance for the full course during 
which time the students are taught clin- 
ically and didactically all that pertains 


eae as a practical aid to 


directly or remotely to anesthesia, (local, 
regional and general), analgesia and nerve 
block for pain relief. 

Recently a university here has granted 
an M.S. and a PH.D. in Anesthesia to 
graduates of one of these schools, while 
other graduates are in demand by progres- 
sive hospital and medical schools who are 
rapidly establishing professorships in this 
specialty. 

Certification of qualification is now an 
actuality by the Associated Anesthetists 
of the United States and Canada while the 
American Society of Anesthetists have 
granted Fellowships to over one hundred 
physicians representing some twenty-eight 
states in the Union. To be eligible for this 
Fellowship the physician must present 
indisputable evidence of qualification and 
meet the high standards which are on a 
plane with those demanded by other 
specialty boards. 

The modern anesthetist worthy of the 
term is no longer satisfied with just a 
knowledge of the physiological action of 
anesthetic agents and a certain skill in their 
administration but feels that it is essential 
for him to have a working conception of 
neuroanatomy for spinal and other nerve 
blocks, physiology of respiration and cir- 
culation, pharmacology, biochemistry, the 
interchange of gases, electrocardiology, 
oxygen metabolism, inhalation therapy, 
endotracheal and endobroncheal intuba- 
tions and resuscitation, including cardiac 
massage and cardiopuncture, together with 
physical diagnosis. 

With the exactions of modern surgery, 
especially the advances in thoracic and 
brain operations, it may be necessary for 
the anesthetist to call upon any or all of 
this knowledge in order that the surgeon 
may operate in comfort and the patient 
assured the maximum safety. 

Have other specialties done any dif- 
ferently? 

T. DryspaLce BucHANAN. 
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PREOPERATIVE ESTIMATION OF THE ANESTHETIC 
AND SURGICAL RISK* 


P. D. WoopsrIDGE, M.D. 


Anesthetist, New England Deaconess and New England Baptist Hospitals 


BOSTON, MASS. 


OSTOPERATIVE morbidity and 

mortality may be reduced if the ad- 

verse factors which each patient 
presents are duly evaluated and heeded. 
Diligent search for these factors is rarely 
necessary—they are present as red flags in 
the usual history, physical examination 
and laboratory data, but the surgical train 
may rush the patient heedlessly past them 
toward the goal of operation with occa- 
sional unnecessary disaster. Due appreci- 
ation of the hazards presented by the 
patient’s condition will affect choice of 
anesthesia (treated in this issue by L. F. 
Sise), choice of operation, preparedness for 
untoward events during and after oper- 
ation, and most of all, the preoperative 
treatment employed, and by these means 
will favorably influence the outcome. 
“Careful preparation of the patient... 
often turn[s] a very poor risk into a fair 
or good one and save[s] days or weeks . . . 
in the subsequent convalescence, .. . if 
not life itself”’ (Wells*). 


SCALES FOR GRADING RISKS 


It is a distinct safeguard if each phy- 
sician who goes over a case will note on the 
record his estimation of the degree of risk 
presented by the patient. A surgeon would 
hesitate to choose the more dangerous of 
two available operations in the face of 
written warnings from his internist, his 
anesthetist and his assistant. The Inter- 
national Anesthesia Research Society pre- 
sents a very commonly used scale of a, B, 
c defined thus: “a: The good risks: 
patients free from organic disease, whose 
surgical condition is not likely to prove 
fatal. B: The fair risks: patients suffering 


from organic disease but whose surgical 
condition is not especially serious. c: The 
poor risks: patients whose surgical con- 
dition is so serious or so far advanced as 
likely to result in fatality.” This scale 
provides no suitable classification for 
patients with extremely severe “organic 
disease”” and mild “surgical condition.” 
Some who have used it have found it inade- 
quate, and have added a confusing array 
of other letters. We have found it more 
satisfactory to employ the scale ordinarily 
used for rating signs and symptoms (1, 2, 3, 
4, Meaning respectively slight, moderate, 
marked, and extreme). Thus “1” means 
Good Risk: nothing found in the patient’s 
condition that adversely affects the risk; 
“‘2” means Fair Risk: one or more adverse 
factors are present, but are not serious; 
“*3”” means Poor Risk: prepare patient 
carefully for operation, choose the least 
operation that will give the needed surgical 
relief, and select the anesthetic drug and 
method with special regard to the patient’s 
condition—this is, therefore, an unmis- 
takable danger signal; “4” means: so 
seriously sick that death is likely unless the 
downward progress is quickly reversed. 
For this classification all unfavorable dis- 
eases and conditions the patient presents, 
whether “‘medical” or “‘surgical,”’ are con- 
sidered together, including the condition 
for which operation is to be performed. 
The severity of the proposed operation is 
not taken into account. Thus if a patient 
has severe hyperthyroidism, that alone 
marks him as a grade 3 risk, whether the 
operation proposed is thyroidectomy or 
merely reduction of fracture of a phalanx. 
In this way serious misunderstandings are 


* From the Department of Anesthesia, Lahey Clinic, Boston, Mass. 
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avoided which might arise if the proposed 
operation were taken into account, for the 
operation might be changed at a moment’s 
notice. 


GENERAL FEATURES 


In most cases more important infor- 
mation will be gotten from a few minutes 
of inspection of, and of talk with the 
patient, and from the hemoglobin esti- 
mation and the urinalysis, than will be 
found in all of the rest of the physical 
examination or laboratory data. The points 
of prime importance to be gleaned from 
such a brief interview are considered in 
this section and in the two that follow. 

Age. An age of 55 years or over almost 
automatically takes the patient out of the 
grade 1 group. Butler, Feeney and Levine? 
found three times as many operative 
deaths in patients with heart disease over 
fifty years as in those under fifty years, and 
Miller” in an unselected series of general 
surgical cases found eight times as many 
deaths in those over fifty years. 

Weakness. The usual laboratory re- 
ports throw no light on weakness and 
debility, and mention of them is too 
often omitted from records of physical 
examinations, yet they are of the utmost 
importance. The evidence comes from ques- 
tioning and observing the patient, and 
from questioning the attending nurses. 
Moderate and severe degrees of weakness 
automatically brand patients as fair and 
poor “risks” respectively. Prolonged in- 
validism is of equal importance.* 

Psychic State. A much depressed psy- 
chic state augurs ill for the period of con- 
valescence. It is well to take heed of a 
definite premonition of death. In order to 
prevent the fulfilment of a powerful auto- 
suggestion of this sort, it may be well to 
“steal” upon a patient so afflicted with a 
rectal anesthetic under the guise of giving 
a cleansing or nutritive enema, or with an 
intravenous drug under the guise of taking 
a blood sample. 

Changes in Weight. Marked obesity pre- 
sents a moderate though definite handi- 


cap.*:*4 It interferes with breathing whether 
the patient is under spinal or general anes- 
thesia; it increases the difficulty and there- 
fore also the trauma of abdominal oper- 
ations; and it appears to make the patient 
more prone to develop complications dur- 
ing convalescence. On the other hand, more 
than a slight pathological loss of weight 
carries with it a parallel increase in the 
operative risk involved, probably due in 
large part to the depletion of glycogen 
reserve with resultant partial starvation of 
body tissues generally. In a series of 50 
patients operated on for peptic ulcer, 
Studley® found a mortality rate of 33} 
per cent in those who had lost 20 per cent 
or more of their body weight, as contrasted 
to a rate of 3.5 per cent among those who 
had lost less weight. 

Vomiting. Persistent vomiting may 
plunge the patient very rapidly into an 
extremely grave condition because of the 
resulting acute starvation and acidosis. 
Ketonuria, a lowering of the carbon dioxide 
combining power of the blood, and some- 
times a lowering of the pH value of the 
blood are corroborative data (Thalhimer**) 
The gravity of the risk may be lessened by 
the intravenous administration of glucose. 
Some prefer to give insulin with the glu- 
cose, since it helps not only in oxidizing 
glucose and thus in overcoming the acidosis, 
but also aids in storing glycogen. 

High intestinal obstruction, on the other 
hand, produces degrees of alkalosis fully 
as serious as the acidosis of simple star- 
vation. The chlorides of the blood are 
reduced and its content of nonprotein 
nitrogen is elevated. The risk should be 
lessened before operation is undertaken by 
the intravenous administration of physio- 
logical solution of sodium chloride.** 


OXYGEN METABOLISM 


It is likely that a basic function of most 
anesthetics is to interfere with cellular 
oxidation. Moreover several of the inhala- 
tion agents, as commonly given, tend to 
displace oxygen in the respiratory tract, 
while rectal, intravenous and spinal anes- 
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thesia frequently diminish the tidal respira- 
tory volume to the point of producing 
varying degrees of anoxemia. Anoxia, or 
oxygen starvation of the tissues, is there- 
fore an eternal problem to the anesthetist, 
and any additional pathological block to 
the free passage of oxygen to the tissues is 
of utmost importance in establishing the 
anesthetic risk, whether the block be 
mechanical, or chemical as from toxins. 

Any mechanical obstruction to free breath- 
ing, such as ankylosis of the jaw, nasal 
blocking, an abscess bulging into the 
pharynx, paralysis of a vocal cord, or com- 
pression of the trachea from a mediastinal 
tumor, presents an important problem to 
the anesthetist which must be met by 
careful choice of anesthetic method and 
drug (such as cyclopropane with large 
proportion of oxygen, the intratracheal 
method, or the auxiliary use of helium), or 
rarely by preliminary tracheostomy. 

Diminution of the vital capacity to less 
than half of the normal, definitely increases 
the anesthetic risk. Vital capacity varies 
directly with cardiac efficiency’*** and is 
lessened by emphysema, pulmonary tuber- 
culosis, and other inflammations of the 
lung parenchyma and of the pleura. Pneu- 
monias that accompany gas poisoning, 
measles and influenza are sometimes fol- 
lowed by fibrosis rather than by resolution, 
with resulting marked reduction of alveolar 
wall area and consequent increase of 
hazard in the use of drugs administered 
with low concentration of oxygen, such as 
nitrous oxide.'* Percussion and ausculta- 
tion in these cases give deceivingly negative 
findings. ““The closer the vital capacity 
approximates tidal air, the graver the risk” 
(Moersch?!). 

The most frequent block to oxygen 
transportation is in the blood itself. The 
laboratory datum that most often serves 
as a danger signal to the anesthetist is the 
hemoglobin determination. It is not com- 
monly realized that even as little as a half 
hour’s administration of the usual in- 
halation anesthetics produces a significant 
reduction in the oxygen-carrying power of 
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the blood, quite in addition to alterations 
in erythrocyte count and hemoglobin con- 
tent.®? “It seems to me nothing short of 
criminal to perform a major operation on a 
patient whose hemoglobin is lower than 70 
without first alleviating the anemia with 
transfusions” (Thalhimer**). With the 
general tenor of this statement I would 
agree, but would qualify it by stating that 
many cases may well be handled by trans- 
fusion immediately following operation. 
We have found it safer to transfuse several 
hours or a day before operation rather than 
immediately beforehand. The importance of 
anemia in determining anesthetic risk cannot 
be overestimated. 


CARDIOVASCULAR SYSTEM 


Well over half of the recent literature on 
anesthetic risk deals with the heart and 
blood vessels. This great overemphasis is 
probably due to mistaking the cardio- 
vascular signs of death for the primary 
cause of death. “‘Heart failure” is written on 
many death certificates that might better 
read “Surgical shock,” ‘Postoperative 
obstruction of bowel,’ “Hemorrhage,” 
“Asphyxia from’ respiratory  obstruc- 
tion,’ or “Poisoning from overdose of 
anesthetic agent.” Butler, Feeney and 
Levine,” in an excellent analysis of con- 
valescence from 494 operations on patients 
with definite heart disease, conclude that 
in the absence of nephritis or of a history 
of congestive failure or of coronary throm- 
bosis, heart disease has little effect, if any, 
on operative mortality. Concerning another 
series of 336 operations on patients with 
heart disease, Hickman, Livingstone and 
Davies® conclude that as a group they are 
“fairly good risks.” 

To determine the degree of risk involved, 
various mathematical indexes based on the 
blood pressure and the pulse rate have been 
widely used. Some?’ place considerable 
faith in them, but most find them very 
unreliable.“ Sykes very suitably ridi- 
cules them by reporting 8 cases in which 
the indexes gradually changed from “Bad 
risk—inoperable”’ to “Good risk—oper- 


New Series Vor. XXXIV, No.3 Woodbridge—Preoperative Estimation American Journal of Surgery 413 


able” as each patient approached death 
from apoplexy, carcinoma, heart disease, 
phthisis, duodenal ulcer, or influenza. 
““Moot’s rule’’* is so figured that it would 
classify a large proportion of patients with 
severe hyperthyroidism as inoperable; and 
the “Energy Index’’t would designate 
many patients in severe shock as “good 
risks.”” When normal, they appear to be of 
little or no value; when abnormal, they 
may be helpful by corroborating other 
more important data. The breath-holding 
test of Sebrasez is probably more sig- 
nificant,®27'2%34 but due allowance must be 
made for the individual’s will power, 
training (chiefly of swimmers), and degree 
of intelligent cooperation. While resting 
in bed, the patient closes his mouth at the 
end of a deep inspiration, pinches his nose, 
and holds his breath as long as he can. A 
result of twenty-five seconds or more Is 
normal, and one of fifteen seconds or less 
is held to indicate marked reduction of 
cardiac or respiratory reserve. A normal 
result in patients with heart disease is 
significant.”” 

The most important information con- 
cerning the heart and circulation is to be 
obtained by briefly questioning the patient 
concerning dyspnea and chest pain. “A 
history of the patient’s activities and 
symptoms is far more valuable than the 
physical examination. . . . If the individ- 
ual is able to indulge in moderate activity 
without symptoms, no concern need be 
felt about the ability of the heart to sus- 
tain the very slight extra work entailed by a 
surgical operation provided the anesthetic 
is properly administered” (Marvin). Rod- 
man and Leaman” speak of “the folly of 
basing any opinion upon what is heard 
over the heart by the use of the stetho- 
scope; for the purpose of operation and 


Hg divided by diastolic 


* Pulse pressure in mm. 


pressure; 40 per cent to 60 per cent is called “operable”’; 
below 25 per cent and above 75 per cent is called 
“probably inoperable.”’ 

+ The value of the systolic pressure in mm. Hg is 
added to that of the diastolic pressure, and the sum is 
multiplied by the number of heart beats per minute. 
From 12,000 to 18,000 is considered normal. 


anesthesia, a heart which carries its daily 

burden well, without excessive dyspnea or 

chest pain, is equivalent to the normal 

organ.” Sir James Mackenzie contrasted 

symptoms with mechanical tests thus: 


The standard by which the heart’s strength 
is to be measured is not . . . fixed. . . . The 
field of normal response to effort varies 
widely in different healthy individuals. .. . 
The amount of effort he can normally put forth 
without distress... is the only practical 
standard by comparison with which it can be 
determined whether the field of the heart’s 
response to effort is restricted. The subjective 
symptoms of heart failure are never absent 
when the heart’s efficiency is in any way 
impaired, 


In the early stages of heart failure “the 
patient becomes conscious of certain sensa- 
tions of distress or discomfort on making an 
effort which formerly he was able to make 
without experiencing these sensations.” 
A simple and most valuable outline for 
cardiovascular examination and grading, 
parallel to those of the American Heart 
Association, is presented by Rodman and 
Leaman,” and could be adopted advan- 
tageously by everyone in rating cardiac © 
patients for operation: 


“Class 1. Good risk. [This corresponds to our 
anesthetic risks 1 and 2.] Patients in whom 
ordinary physical activity does not cause undue 
fatigue, palpitation, dyspnea, or chest pain. 
All cases of well compensated valvular heart 
disease except the syphilitic; hypertensive heart 
disease with no renal involvement. 

“Class 2. Risk fair with careful medical 
supervision and preoperative treatment. [This 
corresponds to our anesthetic risk 3.] Emer- 
gency surgery only until risk improves. Cases 
of beginning congestive failure and angina. 
These all show undue fatigue, palpitation, 
dyspnea, or chest pain on ordinary physical 
activity. All patients classed here can have 
risk improved to class 1, if operation is not 
emergency. 

“Class 3. Surgery contraindicated. [This 
corresponds to our anesthetic risks 3+ and 4.] 
These patients show signs of cardiac insuffici- 
ency .at rest, or signs of active heart infection. 
They cannot carry on any physical activity 
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without discomfort. Here we include severe 
angina patients, cases of cardiac decompensa- 
tion with edema and severe dyspnea, and 
patients with recent coronary occlusion with 
marked reduction of the myocardial reserve.” 


Concerning the importance of various 
lesions and conditions, it is generally 
15.24.25 that coronary occlusion, 
angina pectoris, congestive failure and 
syphilitic aortitis carry high operative 
mortality; and that valvular heart disease 
and auricular fibrillation if uncomplicated 
by failure, and paroxysmal auricular flutter, 
fibrillation, or tachycardia do not add 
appreciably to the anesthetic or surgical 
risk. The risk attending congestive failure 
may be greatly lessened by preparation 
with digitalis and rest. Pulsus alternans, 
heart block, and bundle branch block 
(producing reduplication of the first sound 
at the apex) are regarded as very serious 
by some, but it is probable that their 
importance varies directly with the sever- 
ity of symptoms of the diminished cardiac 
efficiency which may accompany them. 

High blood pressure, even in the extreme 
range, if unaccompanied by myocardial or 
renal insufficiency, diabetes, hyperthy- 
roidism or the like, adds only slightly to 
the operative risk (McQuiston and Allen”). 
This is probably contrary to the popular 
view, but is corroborated by others (Butler, 
Feeney and Levine,? Hermann’ and Hick- 
man, Livingstone and Davies*). Marked 
degrees of arteriosclerosis increase the risk 
slightly and require careful choice of anes- 
thetic drug and method. 

McQuiston also analyzed 250 cases of 
low blood pressure uncomplicated by 
jaundice, diabetes, syphilis or Addison’s 
disease, and found the mortality rate lower 
than in a parallel group with normal pres- 
sure. His series consisted of 100 chole- 
cystectomies, 100 operations on stomach 
and duodenum and 50 gynecologic oper- 
ations on patients whose systolic pressure 
was not higher than 100 mm. Hg. Life 
insurance statistics have shown the mor- 
tality rates among persons with low pres- 
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sures to be but 35 per cent of the expected 
rates. 

If a patient’s usual pressure has been 
lowered by disease or other pathological 
state such as shock, the risk is increased 
proportionately to the amount of lowering 
of the pressure. 


HEPATIC INSUFFICIENCY 


Knowledge of the normal and abnormal 
functioning of the liver is woefully crude 
and fragmentary. Its relationship to anes- 
thesia is probably supremely important 
because of its detoxifying power, its me- 
tabolizing of carbohydrates and storing of 
glycogen, and the injury which anoxemia 
and some anesthetics inflict upon it. No 
test or tests of its function have received 
even general approbation and common 
application. 

Risk of hepatic failure may be minimized 
by the administration of liberal amounts of 
carbohydrate before operation.” In cases 
of suspected liver damage, such as may 
occur from prolonged sepsis, toxicity or 
starvation, the supply of carbohydrate 
should be even more bountiful in order to 
build up the glycogen reserve. This is 
important for detoxification, repair of liver 
damage and reduction of clotting time. 

Obstructive jaundice is likely to be 
followed by postoperative hemorrhage.” 
The risk is therefore serious. No reliable 
prediction of the likelihood or severity of 
bleeding may be made from consideration 
of the degree or duration of jaundice or 
from the bleeding and clotting times as 
ordinarily performed. However, in about 
30 of our cases in which the bleeding time 
has been obtained according to the method 
of Ivy,'! it has predicted correctly the 
probability of hemorrhage. Transfusions, 
carbohydrates, and calcium gluconate are 
used to reduce the bleeding time (Ivy) and 
the likelihood of hemorrhage. 

In the presence of hepatic insufficiency, 
anesthetic agents should be chosen which 
have the least toxic effect on the liver and 
which do not depend on the liver for 
detoxification. 
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DIABETES 


Since the advent of insulin, Joslin!? and 
others!” have been preaching that dia- 
betes, if properly treated, does not influ- 
ence the surgical risk materially. According 
to our scale of grading, the untreated dia- 
betic would fall into grade 2, 3 or 4, de- 
pending on the severity of the disease, and 
with suitable treatment he would be raised 
to grade 2 if there were no additional un- 
favorable factors. It is to be remembered, 
however, that if diabetes is of more than 
five years’ duration, arteriosclerosis is 
probably present, and that if gallstones or 
gangrene are present, there is almost surely 
coronary disease also (Joslin?*). 

“‘Glycogen in the liver is everything to 
the diabetic. With it, his life is secure; 
without it, he dies,” (Joslin!?). He should 
therefore receive an adequate diet includ- 
ing adequate carbohydrate for glycogen 
storage, and sufficient insulin to keep the 
urine free of sugar and if possible to hold the 
blood sugar below 0.150 per cent (Allan‘). 
‘Give him carbohydrate within three hours 
of his operation: orange juice, strained 
cereal, ginger ale. Give too little insulin 
rather than too much” (Joslin), in order to 
avoid a hypoglycemic insulin reaction. In 
case the surgical disease involves acute 
infection, operation should be performed 
immediately without waiting for the usual 
preoperative treatment of the diabetes. 
That will be less severe when the burden 
of the surgical disease has been removed. 
The lifting of the load of hyperthyroidism 
or of gallstones by operation likewise 
ameliorates diabetes (Joslin’?). 

Severe acidosis with threatening coma 
involves the most serious risk. Tests for 
urinary acetone and diacetic acid are 
positive; the breath smells of acetone; 
estimation of the carbon dioxide combining 
power of the blood gives corroborative evi- 
dence. The risk should be lessened by 
vigorous treatment with carbohydrates, 
insulin and fluids. After acidosis has been 
overcome, the patient should be kept on an 
adequate carbohydrate diet (at least 50 to 


100 gm. daily), with insulin if needed, free 
of ketonuria and of glycosuria, for several 
days before operation in order to allow the 
heart to recover from the injury inflicted 
on it by the state of acidosis. This recovery 
is indicated by the gradual drop of the 
pulse rate toward normal.” 


RENAL INSUFFICIENCY 


Certain anesthetics impair kidney func- 
tion, others depend largely on the kidneys 
for their passage from the body, and oper- 
ation throws a heavy additional load on the 
kidneys by reducing the available fluid 
through perspiration, hemorrhage, vomit- 
ing, diminution of fluid intake and shock, 
as well as by increasing the nitrogenous 
waste products in the blood through pro- 
tein destruction associated with fever and 
operative trauma.* Any impairment of 
renal function increases the risk of anes- 
thesia and of operation in corresponding 
degree. 

In the presence of hypertension, general 
arteriosclerosis or albumin and casts in the 
urine, one or more tests of renal function 
should be done. The kidneys should be able 
to concentrate the urine to a specific 
gravity of at least 1.024,° the fractional 
phenolsulphonphthalein test should nor- 
mally show excretion of 55 per cent in the 
first half hour,®* and the nonprotein nitro- 
gen of the blood should not exceed 40 mg. 
per hundred c.c. Blood urea nitrogen of 
Over 35 mg. per 100 c.c., or phenolsulphon- 
phthalein excretion of less than 20 per cent 
indicates very serious renal damage.”? The 
impairment of renal function as shown by 
these various tests indicates the degree of 
increase of surgical risk. The eyegrounds 
also may give very important evidence 
concerning the severity and prognosis of 
the nephritis. 

Following 26 operations on patients with 
acute nephritis, O’Hare and Hoyt”* had 2 
deaths, one from mercuric chloride poison- 
ing, the other from empyema, and the out- 
look for both patients was considered 
probably hopeless before operation. The 
other 24 had normal convalescence except 
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for the urinary sediment. The risk for this 
group of patients therefore is only moder- 
ately increased. They should receive alkalis 
before operation, and while the urinary 
volume is low operation should be avoided 
if possible. Among 21 chronic nephritic 
patients, with high blood pressure and 
seriously impaired renal function, the same 
authors report a mortality, namely of 33 
per cent. These patients should receive 
alkali for three days before operation and 
the daily urinary output should be kept 
above 1500 c.c. by forcing fluids. Even 
under most favorable circumstances, opera- 
tion on this group of patients is hazardous. 


THYROTOXICOSIS 


Death from postoperative thyroid storm 
may be prevented in all but the most 
seriously sick patients if it is realized that 
each of the following factors is of unfavor- 
able prognostic significance: age of forty 
years or over; duration of disease greater 
than one year; loss of one-fifth or more of 
the body weight; failure to gain weight 
during the preoperative period of rest and 
iodine treatment; failure of the pulse rate 
to drop to 100 or below during the pre- 
operative period; high basal metabolic rate 
before treatment, and failure of the rate to 
show a good drop under treatment to a 
level less than plus 50; vomiting or diar- 
rhea; marked physical restlessness; and 
failure of preoperative narcotics to produce 
the usual sedation. The grading of surgical 
risk is in accordance with the number and 
severity of these adverse factors. In the 
case of each seriously sick patient it should 
be decided before operation whether the 
entire surgical procedure may safely be 
done at one time or should be divided into 
two or more operations. If the latter course 
is chosen, it should be adhered to rigidly, 
even though the pulse rate, the pulse pres- 
sure and the oxygen consumption during 
operation indicate a favorable course. 

The risk presented by the so-called 
apathetic thyroid patient is perhaps not so 
generally recognized. These patients are 
elderly, have had the disease a long time 
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and have lost much weight. Many of the 
signs of thyroid toxicity have long since 
disappeared, as if the fire had burned itself 
out: the demeanor is calm, the pulse rate 
may be slow and the basal metabolic rate 
only slightly elevated. In spite of apparent 
non-toxicity and in spite of a most favor- 
ably appearing course on the operating 
table, thyroidectomy in these patients 
must be divided into two stages, and every 
supportive measure must be given in order 
to prevent gradual waning of strength and 
life after operation. Death occurs in these 
patients without any sign of a relighting 
of thyroid activity such as is seen in 
patients in the common stimulated phase 
of thyroid toxicity. 

The danger of pressure from thyroid 
tumors has been considered in the section 
entitled ““Oxygen Metabolism.” 


MISCELLANEOUS FACTORS 


Addison’s disease marks the patient as 
presenting at least grade 3 risk.®*:'6 

The chronic alcobolic is more susceptible 
to postoperative complications than others. 
With operations of an emergency nature, 
the usual intake of alcohol had better be 
maintained, Jest sudden withdrawal cause 
cerebral edema. When plenty of time is 
available the patient should undergo a 
“cure” and be prepared for operation by 
plentiful intake of carbohydrate. 

The presence of any infection in the body 
would seem to increase the likelihood of 
postoperative infections, the degree of risk 
depending on the location and severity of 
the infection, from peridental sepsis at one 
extreme to overwhelming septicemia at the 
other. Statistics from the Wisconsin Gen- 
eral Hospital** show that with cyclopro- 
pane anesthesia both major and minor 
postoperative respiratory complications 
were three times as frequent in patients 
with preoperative respiratory complica- 
tions as in those without preoperative 
respiratory complications. With ether anes- 
thesia there was not this difference, but all 
figures were high. 
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Asthmatic patients as a whole withstand 
anesthesia and operation very well. Etheri- 
zation is sometimes followed by a pro- 
longed period of freedom from asthmatic 
attacks, and accessory drugs such as mor- 
phine, ephedrin and epinephrin give tem- 
porary relief. 

One major operation should not follow 
another recent major operation too closely. 
It should be borne in mind that widespread, 
persistent, marked deviations from normal 
of the functions of many systems are pro- 
duced by apparently simple operative pro- 
cedures and by even the less harmful of the 
anesthetic agents. Unless sufficient time 
elapses between two major operations to 
allow the patient to resume his normal 
activities and to regain his normal vigor 
and appetite, the risk of a second operation 
is definitely increased. 


COMMENT 


Technically difficult or laborious pro- 
cedures are not usually required for an 
approximate estimation of the anesthetic 
risk. Four of every five dangerous situ- 
ations will be detected, and clues to the 
fifth will be obtained from minimal data 
concerning the patient’s age, strength, 
glycogen reserve, cardiovascular symp- 
toms, urinalysis, and hemoglobin content 
of the blood. These require but a brief 
visit of inspection and questioning, and 
some degree of medical experience and 
judgment, in addition to the simple labor- 
atory tests made. The further details of 
history, physical examination, special ex- 
aminations, and laboratory data will often 
throw additional light, should usually be 
available, and should always be obtained 
where the minimal data indicate that they 
may be helpful. 

With the exception of chloroform, any of 
the commonly used anesthetic agents and 
methods is reasonably safe for almost 
every patient. However, the pathological 
state of the patient is only one of the 
hazards that lurk in the vicinity of the 
operating room. Fully as important in the 
ultimate outcome are the surgeon and the 


anesthetist. The former obviously has 
abundant opportunity to run into trouble, 
and a careless or poorly trained anesthetist 
may lead a patient to his death when every 
other circumstance favors complete re- 
covery. He may. administer ether too 
rapidly and thus induce respiratory com- 
plications. He may fail to observe or eval- 
uate the signs of shock or to institute 
measures to combat it. He may permit 
spinal anesthesia to run too high and may 
fail to administer artificial respiration. He 
may permit respiratory obstruction to 
develop with resultant complications or 
death, immediate or late. Every general 
hospital should provide a place for, and 
every surgeon should see that his patients 
have the services of, a competent anes- 
thetist. It may even be said that the skill 
of the anesthetist is the most important factor 
in the determination of the anesthetic risk. 


SUMMARY 


Careful preoperative estimation of the 
anesthetic and surgical risk will aid in the 
avoidance of many pitfalls. A scale for 
grading the degree of risk is presented. The 
estimation of the risk and the methods to 
be used to lessen or compensate for it are 
considered under the topics of weakness, 
prolonged invalidism, the psychic state, 
nutrition, acidosis and alkalosis, oxygen 
metabolism, the cardiovascular system, 
hepatic insufficiency, diabetes, renal in- 
sufficiency, thyrotoxicosis and minor mis- 
cellaneous topics. 
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HERE are very many factors which 
may influence our choice of an anes- 
thetic agent, but the chief of these 
must always be the satety of the patient 
and, to a lesser degree, the efficiency of the 
anesthesia. Among the many lesser factors 
are the comfort of the patient, the equip- 
ment and facilities available and the quali- 
fications of the anesthetist and surgeon. 
We will review briefly the present anes- 
thetic agents and methods in use and then 
see how the condition of the patient and 
the type of operation affect our choice, 
always having in mind safety and ef- 
ficiency. The criterion of choice is the end 
result of anesthesia and operation com- 
bined and not considerations concerning 
the anesthesia alone. For example, nitrous 
oxide is generally acclaimed as a non-toxic 
and safe anesthetic; but in abdominal sur- 
gery it may well prove more dangerous 
than some more powerful anesthetic, be- 
cause it gives such poor operating condi- 
tions that surgical complications may 
result. Here then the end result of anes- 
thesia and operation may be worse than 
where an anesthetic more favorable to the 
surgery is used, even though that anes- 
thesia taken alone and by itself may be 
more dangerous. 


ANESTHETIC AGENTS 


Ether. It is most fortunate that ether 
was the first anesthetic agent discovered 
and in general use, since it has immediate 
safety, is powerful and is easy to give. It 
has, however, numerous toxic actions. It 
depresses the functions of the liver and 
produces tissue changes in this gland. It 
depresses sometimes severely the function 
of the kidneys and may produce tissue 
changes here also. It raises the blood sugar, 
may produce acidosis and causes post- 


operative nausea and vomiting. Locally 
it is an irritant to the respiratory tract and 
may tend to the production of postopera- 
tive pulmonary complications. It is also 
inflammable. Because of these undesirable 
features, other forms of anesthesia are 
usually preferable. Ether, however, is very 
valuable when used in conjunction with 
the gases and also when other forms of 
anesthesia are difficult to apply. 

Chloroform is the most toxic of all in- 
halation anesthetics. It is dangerous during 
administration, it has severe toxic action 
on the liver, and less on the kidneys and 
heart. There are so many other forms of 
anesthesia having little or no toxic action 
that this agent should be avoided as far as 
possible and should never be given under 
conditions, such as starvation, in which 
liver damage can be produced more readily 
than usual. Its chief advantage is that it is 
non-inflammable. 

Etbyl chloride has a toxic action similar 
in character to that of chloroform, but 
less severe. In this respect it stands be- 
tween ether and chloroform. Its anesthetic 
action is very rapid and powerful. It, there- 
fore, has great possibilities of danger and 
requires an administrator who is well 
skilled in its use. Its chief advantage is its 
extreme rapidity of action. An almost equal 
rapidity of action, however, may now be 
obtained by means of vinyl ether; and as 
this is a safer drug than ethyl chloride, it 
should be used in preference to it. 

Vinyl ether is highly volatile, rapid in 
action and only slightly irritating. It has 
some toxic action on the liver and tends to 
the production of mucus, and occasionally 
gives rise to muscular excitement. It is 
quite powerful and induces rapid anes- 
thesia followed by quick recovery. It 
is, therefore, good for short anesthesias re- 
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quiring considerable relaxation, and makes 
an excellent induction for ordinary ether 
anesthesia. It should not be used in long 
procedures, over one-half to one hour, ac- 
cording to depth, since there is too much 
question of its action on the liver. Because 
it requires little equipment, is easily port- 
able, is rapid and powerful in action, it is a 
very convenient anesthetic. 

Nitrous oxide is the weakest of all inhala- 
tion anesthetics. Its chief value is that it is 
non-inflammable. It is generally considered 
to be non-toxic and very safe; but the 
margin between anesthesia and asphyxia 
is quite narrow. Therefore, it is difficult to 
give and requires an expert in its use. It is 
practically impossible to give pure nitrous 
oxide-oxygen anesthesia without some de- 
gree of anoxemia. Anoxemia in itself is toxic 
and greatly intensifies the toxic action of 
any other agent which is being used. An- 
oxemia may be lessened or even eliminated 
by the use of heavy preliminary medication 
or of some agent such as tribromethanol 
or by the addition of some agent such as 
ether; but in these last two cases, a toxic 
agent is added, making the avoidance of 
anoxemia doubly important and, in the 
case of ether, making the mixture possibly 
inflammable and explosive. These com- 
binations, however, give an excellent anes- 
thesia which is flexible and comparatively 
non-toxic. 

Ethylene is similar in its action to nitrous 
oxide but more powerful and can, therefore, 
be used with more oxygen. It is, how- 
ever, inflammable and in some mixtures 
explosive. Up to the arrival of cyclo- 
propane this was the least toxic of our 
inhalation anesthetic agents. It is now, 
however, being displaced by the more 
powerful cyclopropane which is superior 
to it for most purposes. 

Cyclopropane. We are indebted to Hen- 
derson and Lucas, and to Waters and his 
associates for the newest and in many ways 
the best of our inhalation anesthetic agents. 
It is a powerful gas, effective with a large 
amount of oxygen. Those who use it for 
the first time, should do so with great cau- 
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tion because it is so powerful as compared 
with the other gases, it being effective in 
approximately 15 per cent concentration. 
It has a wide margin of anesthesia without 
anoxemia. Its toxicity is low, having little 
or no action on liver, kidneys or acid-base 
balance. It has, however, a depressive ac- 
tion on the vascular system and probably 
some toxic action on the heart muscle. 
Fatal ventricular fibrillation has been pro- 
duced by its action in dogs, but only with 
very high concentrations, far above those 
used for anesthesia. It has a rather marked 
tendency to the production of extrasys- 
toles. It is depressing or at least non- 
stimulating to respiration. It is inflammable 
and moderately explosive. It is quite ex- 
pensive per unit as compared with the 
other gases so that the carbon dioxide 
absorption method of anesthesia is the only 
one practical for its use. With this method, 
however, its total expense compares favor- 
ably with that of other anesthetics. It is 
a very valuable anesthetic because of 
its power, its low toxicity and the large 
amount of oxygen which may be used with 
it. This makes it particularly valuable in 
chest operations. 

Where “gases” are referred to in this 
paper, any of the three gases, nitrous oxide, 
ethylene or cyclopropane is indicated but 
cyclopropane is considered superior to the 
other two unless otherwise stated. 

Tribromethanol. This drvg is mildly 
toxic to the liver and kidneys and should 
not, therefore, be used under conditions in 
which damage to these organs may be 
readily produced. In safe dosage it is a 
very weak anesthetic agent and, therefore, 
suitable only for basal anesthesia or possi- 
bly very light complete anesthesia. It is 
depressing to respiration and circulation. 
It is not apt to be followed by postopera- 
tive nausea and vomiting. 

The barbiturates may be conveniently 
divided into long acting and short acting. 
The long acting barbiturates are suitable 
only as part of preliminary medication or 
as hypnotics. The short acting barbiturates 
may be given in the same way but are use- 
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ful also intravenously as a complete anes- 
thetic. We have had experience with but 
two, ‘“‘evipal” and “pentothal.” These are 
depressing to respiration and circulation, 
otherwise they have little toxic action. Ab- 
sence of nausea and vomiting is conspicuous 
after their use. They are useful for a short 
deep anesthesia or for a more prolonged 
lighter anesthesia and seem more useful 
than tribromethanol since they are under 
much more definite control. But accumu- 
lated experience of different individuals is 
not yet sufficient for one to be quite posi- 
tive about this. 

Local Acting Anesthetic Agents. Cocaine 
is a very toxic drug but is useful for topical 
application to mucous membranes if only 
a short anesthesia is desired. Pontocaine 
and possibly nupercaine are probably less 
toxic for topical use if a longer anesthesia 
is desired, but our experience with these 
two is very slight. Procaine has had the 
reputation for many years of being the 
least toxic of the local anesthetic drugs. 
Local or regional anesthesia by means of 
procaine is probably the least toxic anes- 
thesia which can be produced. 

Metycaine is mentioned but briefly since 
it is not at present on the market for spinal 
anesthesia. It is more powerful and longer 
acting than procaine and is, therefore, 
usually better for local, regional and spinal 
anesthesia. 

Pontocaine is not recommended for local 
or regional anesthesia since we have had 
no experience with its use. It is, however, 
excellent for spinal anesthesia. While it is 
probably more toxic than procaine the dose 
is so much smaller, being about one-tenth 
that of procaine, that it is less depressing, 
while at the same time the anesthesia is 
much longer acting. This less depressive 
effect may also be due to a distinct dif- 
ference from procaine in its type of ac- 
tion, namely, a less intense effect on the 
sympathetic system. 

Nupercaine is a quite toxic drug but its 
action is very powerful and prolonged so 
that it can be used in extremely small doses 
as compared with the other drugs, and it 
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is effective in very weak solution. It is not 
recommended for local or regional anes- 
thesia since we have had no experience 
with its use. It is, however, extremely effec- 
tive for spinal anesthesia by the Jones 
technique since by this method a very pro- 
longed anesthesia may be obtained with a 
minimum of depressive effects. 
Preliminary Narcosis and Basal Anes- 
thesia. Preliminary narcosis is a valuable 
aid to all anesthetic agents and may even 
be used, in part at least, as an anesthesia in 
itself. In fact there is no sharp dividing line 
between narcosis and anesthesia. By varia- 
tions of the narcotic drugs and their doses 
different states of the sensorium may be 
produced which vary all the way from a 
hardly perceptible dulling to an effect 
which amounts to complete anesthesia of 
considerable depth. This subject is defi- 
nitely a part of the anesthetic technique. 


METHODS 


Carbon Absorption. This 
method makes possible a tremendous sav- 
ing in the amount of anesthetic agent used 
and also induces quiet respiration. The 
close confinement of inflammable anes- 
thetic gases within the closed system makes 
their ignition more difficult. It should 
therefore be used whenever possible. The 
quiet respiration is especially valuable in 
chest and abdominal operations and to a 
less extent in neck operations. 

Intratracheal anesthesia gives assurance 
of a clear and non-obstructed airway and 
thereby promotes quiet respiration. It Is 
valuable in chest operations because it 
promotes quiet respiration and because it 
is possible to control pulmonary pressure 
accurately; in abdominal operations be- 
cause of the quiet respiration and the im- 
possibility of causing laryngeal spasm; in 
neck operations where obstruction may be 
likely, as with intrathoracic goitre; and 
in head and neck operations because the 
anesthetist may then be out of the way 
and yet be assured of a clear airway. It is 
probably not wise to use it with pulmonary 


422 American Journal of Surgery 
tuberculosis because of the possibility of 
inducing laryngeal tuberculosis. 

Pharyngeal anesthesia may be used either 
through the nose or the mouth. It may be 
given with to and fro respiration with one 
of the gases or with ether, or by insufflation 
with ether. It is useful in operations about 
the head where the anesthetist must be out 
of the field of operation, where a mask can- 
not be applied to the face or where the 
mouth must be open. 

Regional anesthesia exerts virtually no 
toxic action on the various organs of the 
body and is therefore usually followed by a 
better postoperative recovery than is any 
other anesthetic. It should therefore be 
used when practical. However, it is time 
consuming and occasionally is insufficient 
in depth or extent so that it has to be 
supplemented by a general anesthetic, and 
it may require self control both by the 
patient and the surgeon. 

Spinal anesthesia, while in reality a form 
of regional anesthesia of a nerve block 
variety, will, for convenience in wording, 
be considered separately in this paper be- 
cause it presents characteristics which are 
quite different from other forms of regional 
anesthesia. By its means, with a simple 
technique and a comparatively small dose 
of the drug, an anesthesia may be pro- 
duced which may be made quite extensive 
and which is suitable for a wide variety of 
operations below the diaphragm. Toxic 
action on the tissues is very low because 
of the small amount of the drug used in 
proportion to the extent of the anesthesia. 
Unfortunately it has inherent in itself cer- 
tain elements of danger which are not 
present in regional anesthesia and which 
call for special caution in its use. For many 
years the bugbear of this method has been 
the drop in blood pressure which occurs 
with its use and the ever present fear that 
it might lead to a fatality. There has been, 
however, such a steady advance in per- 
fecting this method that at the present 
time, if the anesthetist is well skilled and 
experienced, the risk of such a mortality 
is practically negligible. Its chief drawback 
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is rather a possibility of nerve complica- 
tions. Serious complications, however, are 
quite rare. In our cases of spinal anesthesia, 
which number approximately 6000, nerve 
complications have been few, minor and 
temporary. 

The advantages of spinal anesthesia are 
very great, as it produces extreme mus- 
cular relaxation, lacks toxic action on the 
various organs of the body, and is followed 
by an excellent recovery which is without 
nausea and vomiting. Nervous patients 
should receive rather heavy preliminary 
medication, or may be made unconscious 
with cyclopropane. This drug is very ap- 
propriate for this purpose because of the 
high amount of oxygen which may be used 
with it, and because of quietness of induc- 
tion. On the whole the advantages of spinal 
anesthesia appear far to outweigh its dis- 
advantages. It is particularly valuable in 
abdominal and rectal operations because 
of the extreme relaxation produced. It is 
useful in genitourinary surgery because of 
its lack of toxic action on this tract. It may 
be useful in bone and joint surgery of 
the lower extremities where extreme re- 
laxation is necessary, such as in tendon 
transplantation. 

Rectal anesthesia may be given by the 
rectal instillation of certain drugs such as 
ether-oil, tribromethanol, paraldehyde or 
the short acting barbiturates. This anes- 
thesia lacks any real measure of control, so 
that it is unsafe to produce any but a very 
light plane of anesthesia, and reenforce- 
ment with some other anesthetic is usually 
necessary. It is pleasant to take and is 
usually followed by a good recovery with a 
minimum of nausea and vomiting. It is 
suitable chiefly as a basal anesthesia but 
may be used also for the very lightest 
plane of full anesthesia. 

Intravenous anesthesia has recently made 
a great advance because of the arrival of 
the really short acting barbiturates. Their 
action is so short that anesthesia is subject 
to a large measure of control not possible 
with longer acting drugs. They are used 
chiefly for a short deep anesthesia but may 
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be used also for a prolonged lighter anes- 
thesia. This anesthesia is followed by an 
excellent recovery with the least nausea 
and vomiting following any general anes- 
thetic. The short anesthesia may be 
used for almost any short operation. In 
our experience these have been manip- 
ulations, reduction of fractures, opening 
abscesses, dilatation and curettage, and 
encephalograms. The more prolonged anes- 
thesia we have used as yet in a limited 
number of cases, but have been very 
pleased with the results in such operations 
as spinal fusion, sacroiliac fusion, laminec- 
tomy and other bone and joint operations 
up to four hours, as well as in ventriculo- 
grams and craniotomies. For this purpose 
we have used an intravenous saline drip 
and have added the anesthetic agent as 
needed by puncturing the rubber tubing 
near the intravenous needle. 

Helium mixtures are useful in cases of 
respiratory obstruction. The density of 
helium is 0.138 as compared with 1 for that 
of air. It has the smallest specific gravity of 
any element with the exception of hydro- 
gen, but unlike hydrogen it is non-inflam- 
mable. Thus helium will “thin” or lower 
the density of any gas with which it is 
mixed, with the exception of hydrogen. 
Thus it has been demonstrated that an 
artificial air composed of 79 per cent helium 
and 21 per cent oxygen can be moved in 
greater volume and at the same time with 
less force or effort through a given aperture 
than can ordinary air. This artificial helium 
air has been used therapeutically with suc- 
cess in conditions of respiratory obstruction 
or fatigue such as asthma or pneumonia. 

The addition of helium to any of the 
ordinary mixtures of inhalation anesthetics 
produces a similar effect, and enables 
larger volumes of these mixtures to be 
breathed through a constricted opening 
and with less effort by the patient. Thus 
it is of value in all cases of respiratory 
obstruction. 

The use of helium, however, is not a 
panacea for obstructed breathing, and es- 
pecially it is not a substitute for a clear 
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airway. This latter still remains a prime 
consideration in inhalation anesthesia and 
only when it cannot be obtained should 
resort to helium be made. 

For the purposes of this discussion ob- 
struction to respiration may be divided into 
two classes, slight obstruction and severe 
obstruction. Where, in spite of best efforts 
to secure a clear airway, slight obstruction 
still remains, if the procedure is not so 
prolonged that intratracheal anesthesia is 
felt advisable, helium may be added to the 
anesthetic mixture to relieve the patient’s 
breathing for the remainder of the pro- 
cedure. Some benefit is obtained, but the 
results are not striking. 

It is in the second class, the severe grades 
of obstruction, that the most striking re- 
sults are obtained. But here, the obstruc- 
tion being severe at the start, even after 
considerable relief the breathing is not 
sufficiently free to proceed for long, so that 
usually there should be resort to intuba- 
tion. The helium has its use in the interval 
before this can be accomplished. In our 
experience the benefit of helium has been 
demonstrated most strikingly in cases com- 
ing to the operating room with obstruction 
of marked degree from pressure on the 
trachea or from paralysis of vocal cords. 
Here helium has been used simply during 
the induction of general anesthesia for 
purposes of intubation. A mixture approxi- 
mating 79 per cent helium and 21 per cent 
oxygen has first been used and then cyclo- 
propane has been added to this. The 
breathing at first becomes easier as the 
helium mixture is applied but becomes 
more difficult as the heavy gas cyclopro- 
pane is added. The relief afforded by the 
helium, however, has been sufficient to 
make possible this second period of induc- 
tion of anesthesia and intubation. The 
helium has thus afforded relief during a 
period when otherwise asphyxiation would 
have been close at hand. 


CONDITION OF PATIENT 


Respiratory Disease. Operations on pa- 
tients having respiratory disease as a 
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complication should be avoided if possi- 
ble. Where operation is necessary regional 
and spinal anesthesia are probably most 
suitable, but even the use of regional anes- 
thesia by no means guarantees freedom 
from postoperative pulmonary complica- 
tions. Open ether anesthesia is probably 
least desirable to use. It is to be remem- 
bered that the effect of other factors, such 
as the site and type of operation or the 
presence of sepsis, is far greater than is 
that of the choice of anesthesia on the 
incidence of postoperative pulmonary com- 
plications. If regional or spinal anesthesia 
is unsuitable, the gases or even the gases 
with a moderate amount of ether produce 
very little effect on the incidence of these 
complications. 

Vascular Disease. In hypertension it is 
preferable to avoid a rise in blood pressure 
such as frequently occurs with inhalation 
anesthesia. Either spinal or regional anes- 
thesia are suitable in the essential form 
but if there is arteriosclerosis spinal anes- 
thesia may be too depressive, and should 
be avoided if the sclerosis is extreme. 
Tribromethanol with one of the gases, or 
with ether, is often suitable; but with tri- 
bromethanol, also, caution must be used 
in the presence of sclerosis. In hypotension 
the choice of anesthesia usually depends 
on other factors, such as the patient’s gen- 
eral vigor and the site of operation. Inhala- 
tion anesthesia is usually suitable. Spinal 
anesthesia should be avoided in shock and 
in the seriously debilitated but is well 
tolerated by the robust person with nor- 
mally low blood pressure. 

Heart Disease. Valvular disease with- 
out serious myocardial involvement affects 
the choice of anesthetic very little if there 
is not decompensation, and even with mild 
decompensation offers surprisingly little 
difficulty with all forms of anesthesia. 
Spinal anesthesia is very suitable, as well as 
regional anesthesia if excitement is avoided. 
Cyclopropane is also extremely useful when 
deep anesthesia is not necessary, since 
clinical experience seems to show that in 
such cases the value of abundant oxygen 
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outweighs possible toxic effects on the 
heart such as may occur with high concen- 
trations of the drug. 

Myocardial disease with or without val- 
vular trouble offers much less certain 
ground. Any considerable change of blood 
pressure in either direction should be 
avoided. Spinal anesthesia is therefore less 
suitable, and regional anesthesia becomes 
the first choice, with cyclopropane prob- 
ably next, though spinal anesthesia and 
the gases with ether may also be employed. 

Kidney Disease. The gases, regional 
anesthesia or spinal anesthesia, are quite 
suitable in these cases although in using 
spinal anesthesia any marked fall in blood 
pressure should be avoided with interstitial 
nephritis, especially in the aged. Ether 
should be avoided or preceded by mor- 
phine. Tribromethanol is not desirable. 

Liver Disease. In these cases the diet 
previous to operation should include sufli- 
cient carbohydrate to insure an adequate 
supply of glycogen to the liver, as this 
protects to a considerable extent against 
the injurious effects of toxic agents. An- 
oxemia should be carefully avoided as this 
strongly accentuates such injurious effects. 
There should be a plenteous supply of 
liquids. These three precautions will do 
much to protect the liver. Ether or tri- 
bromethanol should be avoided. Regional, 
spinal anesthesia and the gases without 
anoxemia are most suitable. 

Disturbance of Metabolism. In hyper- 
thyroidism preliminary medication should 
be increased, and quiet should be assured. 
The gases are quite suitable for these cases, 
especially cyclopropane because of its large 
oxygen supply. Regional anesthesia is not 
quite so suitable as the gases since uncon- 
sciousness in these cases is desirable. Ether 
is unnecessary and upsetting. In general, 
hyperthyroid cases are more resistant to 
anesthesia, and hypothyroid cases more 
susceptible, but with extreme hyperthy- 
roidism the patient may be so weakened as 
to be quite susceptible. It is to be remem- 
bered also that patients with marked 
degrees of hyperthyroidism may also have 
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liver damage. Ether should be avoided in 
diabetics because of its tendency to raise 
the blood sugar and to upset the acid-base 
balance. Here regional anesthesia or spinal 
anesthesia or the gases without anoxemia 
are quite suitable. 

Shock. When shock is present regional 
or, as a second choice, light gas anesthesia, 
is to be preferred, ether or spinal anesthesia 
usually being contraindicated because of 
their depressing effect on the circulation. 

In General. Clinically, young adults 
seem to require the largest dosage of the 
various anesthetic agents to produce anes- 
thetic and toxic effects respectively, while 
the two extremes of life require the least. 


SITE OF OPERATION 


Abdomen. In abdominal surgery, as the 
site of operation is reached through a 
muscular wall and as sensitive structures 
are frequently encountered, there is need 
of an anesthesia which will suppress power- 
ful reflexes and produce muscular relaxa- 
tion. Without such anesthesia the surgeon 
may be so hampered that his operation 
may be done poorly or even curtailed. 

This need is met admirably by spinal 
anesthesia. The combination which it af- 
fords of extreme relaxation, contracted 
intestines and quiet breathing, offers opera- 
tive conditions unrivaled and hardly even 
approached by any other form of anes- 
thesia. These conditions are especially 
valuable in the very muscular or obese 
patient, and in difficult operations such 
as excision of carcinoma of the rectum, 
gastric resection, or exploration of the bile 
ducts, as well as in peritonitis both local 
and general, where they obviate to a con- 
siderable extent the dangers of protrusion 

of intestines, excessive handling, packing 
back of viscera, and spreading of sepsis. 
Moreover the absence of toxic action on 
the tissues by spinal anesthesia makes it 
extremely valuable for the patient handi- 
capped by disease of the lungs, liver, kid- 
neys or heart. Under these circumstances 
we believe the total mortality from anes- 
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thesia and operation to be lower and the 
surgical results better than with any other 
form of anesthesia. However, spinal anes- 
thesia has certain dangers which require 
thorough knowledge, experience and con- 
stant vigilance if they are to be avoided. 
Therefore with easy subjects and simple 
operations where the best operating condi- 
tions are not so essential and with patients 
not handicapped its advantage is less 
marked and its possible danger becomes of 
more moment. The question of its advan- 
tage is also influenced by the fact that it is 
more dangerous if high enough for upper 
abdominal operations than if it is suitable 
for a lower abdominal operation only. On 
account of the frequent occurrence of vas- 
cular depression it is not suited to those 
who present a desperate risk, whose pul- 
monary space is markedly lessened, or 
whose vigor is seriously diminished as by 
shock, hemorrhage or prolonged sepsis. 
Surgical intervention in this latter class of 
patient is usually very urgent and deep 
relaxation may well be foregone in order 
to reduce the burden of anesthesia to the 
minimum. Here anesthesia by field block 
is to be preferred with the addition, if 
necessary, of cyclopropane with possibly 
a little ether. 

Spinal anesthesia should never be given 
in any event unless administered by one 
well versed in this procedure. When no 
such person is available cyclopropane may 
be given when it will produce sufficient 
relaxation, regional anesthesia when de- 
manded by the condition of the patient, 
and ether in other cases. Ether continues to 
occupy an important place in abdominal 
surgery. It is well tried and tested, has 
been the standard for many years, is always 
available, as it may under necessity be 
given even by a novice, gives good relaxa- 
tion, and is safe as regards immediate 
effects. 

Trunk and Extremities. Here deep re- 
laxation is seldom needed so that the gases 
are quite acceptable for most cases. Tri- 
bromethanol is suitable for a very few 
cases. The barbiturates intravenously cover 
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a much wider field. Both are desirable be- 
cause they are pleasant to take and because 
recovery is excellent with a minimum of 
nausea and vomiting. The barbiturates 
intravenously are particularly satisfactory 
and appear preferable to tribromethanol 
because of their much better control. Re- 
gional and spinal anesthesia may also be 
used. The latter is desirable in operations 
on the anus and rectum and urinary blad- 
der because of the relaxation which it 
produces, also in certain operations on the 
lower extremities. But in amputations or 
other operations where sawing and pound- 
ing take place the unconsciousness of gen- 
eral anesthesia is desirable. 

Thorax. For simple rib resection re- 
gional anesthesia is usually sufficient. For 
thoracoplasty cyclopropane is unsurpassed, 
since it will produce sufficient depth to 
control reflex effects, can be used with a 
large amount of oxygen, Is non-irritating, 
and has a minimum of toxic effect. It has 
similar advantages when the pleural cavity 
is to be opened. Here the intratracheal 
method is indicated to insure a clear airway 
and definite control of pulmonary pressure. 
Intratracheal anesthesia, however, should 
probably not be used in cases of pulmonary 
tuberculosis. 

Head and Neck. For operations where 
the fields of surgeon and anesthetist can 
be kept separated, such as operations upon 
the thyroid, mastoid and cervical lymph 
nodes, especially when infected, gas anes- 
thesia is well suited. It may also be used 
for certain operations on the head or nasal 
or oral cavities by using the intratracheal 
method, or by using to and fro breathing 
through nasal or oral airways with appro- 
priate packings to prevent escape of gas. 

Superficial operations on the face and 
head, mouth, nose and nasal sinuses may 
be done under infiltration, field block, or 
blocking of the sensory nerves. Field block 
is well suited for operations on the scalp, 
cranial vault and brain. Regional anes- 
thesia is also suitable for operations on the 
anterior aspect of the neck, including 
esophageal diverticulum, but is difficult 
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and unsatisfactory in the posterior aspect. 
Pharyngeal insufflation of ether vapor is 
convenient for operations in the mouth or 
nose, or where the mouth may have to be 
opened, as in operations for thyroglossal 
cysts, since anesthesia is easily maintained 
under these conditions, there is a minimum 
of anesthesia apparatus to interfere with 
the surgeon, and the anesthetist may be 
well removed from the field of operation. 

In operations of any magnitude, such as 
brain operations, where there are several 
people in the operating group, it is an ad- 
vantage for the anesthetist to be well out 
of the way. This may be achieved by using 
insufflation of ether vapor, but if the opera- 
tion is to be prolonged it is better to avoid 
the prolonged effects of ether. Here gas 
may be given by the intratracheal route 
with to and fro breathing and carbon 
dioxide absorption. Breathing tubes of 
double the usual length may be used with- 
out material difficulty in order to place the 
anesthetist at a distance from the field of 
operation; or one of the short acting bar- 
biturates may be given intravenously, and 
would be especially useful if diathermy is 
being used, because of complete safety 
from fire and explosion hazard. Intra- 
tracheal anesthesia with the gases using an 
inflatable cuff or suitable packing is also 
desirable in operations in the mouth, throat 
or nose, since inhalation of blood and de- 
tritus is thereby prevented. 

Where Cautery or Diathermy Is to Be 
Used. The increased use of diathermy 
presents a problem for inhalation anes- 
thesia, since the best of these anesthetics 
are inflammable. Diathermy may be more 
dangerous than the actual cautery since 
sparking may occur at points distant from 
the electrode in actual use. Where some 
form of anesthesia other than inhalation 
such as regional, spinal, rectal or intra- 
venous anesthesia cannot be used an 
attempt should be made to use a non-in- 
flammable inhalation agent. Nitrous oxide 
is often sufficient in combination with 
tribromethanol. It is to be remembered, 
however, that if more than a small amount 
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of ether is added to nitrous oxide the mix- 
ture becomes inflammable and explosive. 

Where none of these anesthetics will be 
sufficient and an inflammable inhalation 
anesthetic therefore has to be used certain 
precautions will lower the chances of its 
ignition. The carbon dioxide technique 
should be used and special care should be 
taken to see that the mask makes a per- 
fectly tight fit with the face. If there is any 
doubt on this point a wet cloth around the 
juncture of mask and face should be used 
and the breathing bag should be kept 
deflated. 

Where diathermy is used the instrument 
should be polarized to prevent miscellane- 
ous sparking. If the machine cannot be 
successfully polarized and sparking there- 
fore still occurs a metallic connection 
should be made by means of large conduc- 
tors as short as possible between the nega- 
tive plate and table and between the table 
and gas machine and anesthetist. The 
negative plate should be near the field of 
operation and its contact with the patient 
should be made of low electrical resistance. 
Connection of the table to an outside 
ground may be necessary. However, high 
frequency electrical currents are difficult 
to control. These measures, while helpful, 
cannot be relied upon to prevent mis- 
cellaneous sparking as they can where 
ordinary static charges only are concerned. 
Thus the administration of explosive mix- 
tures of inhalation anesthetics in the 
presence of diathermy remains fraught 
with possibilities of danger. 

In this connection it is to be remembered 
that ethylene mixtures are non-explosive, 
though inflammable, in their upper range 
such as are used for induction, and prob- 
ably through operation, unless basal anes- 
thesia or much preliminary medication has 
been given. But the mixtures become explo- 
sive aS oxygen or nitrous oxide is add- 
ed. Therefore it is unwise to use the 
combination with nitrous oxide or to flush 
the patient with oxygen toward the end of 
operation. When the mask is removed and 
the percentage of ethylene is thereby 
lessened the patient passes very rapidly 
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through a period where the exhaled gases 
are highly explosive. Therefore special care 
should be taken at this time. The usual 
mixtures of cyclopropane are mildly explo- 
sive but are especially so with the stronger 
mixtures such as are used for induction, 
and become less so as the strength of the 
anesthesia is lessened, and cease almost 
immediately as the mask is removed. Thus 
the action of cyclopropane mixtures is just 
the opposite of those of ethylene. 


SUMMARY 


The larger number of anesthetic agents 
and methods now available make the 
choice of anesthesia more difficult and 
confusing but assure the possibility of a 
more suitable choice than ever. 

While there are a multitude of factors 
which may influence the choice of the anes- 
thetic in each case, yet in general the 
choice is governed by a few broad con- 
siderations. Of these the safety of the 
patient is paramount. 

Of the more commonly used drugs and 
methods regional and spinal anesthesia 
are least toxic and ether most, while chloro- 
form Is so toxic as practically to preclude 
its use. 

For abdominal operations spinal anes- 
thesia is preferred where technical diffi- 
culties are anticipated and field block, or 
intratracheal gas, or gas ether with field 
block, for patients in poor condition. Ether 
is still a good anesthetic especially where 
equipment is lacking and a skilled anes- 
thetist is not available. 

For most operations on the trunk and 
extremities the gases are satisfactory. The 
barbiturates intravenously are excellent, 
and tribromethanol is effective for a few 
operations where only the lightest anes- 
thesia is necessary. Spinal anesthesia is 
indicated in a few operations especially on 
the anus and rectum and urinary bladder. 

For operations on the head and neck 
the gases or regional anesthesia cover most 
cases. The field of the surgeon and anes- 
thetist may be kept separate by the use of 
intratracheal anesthesia, pharyngeal anes- 
thesia or ether insufflation. 
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ROGRESS in making anesthesia safe 

for the patient is encouraging but the 

lack of progress in making the patient 
safe for anesthesia is disturbing. Modern 
anesthesia is quite as intimately concerned 
with the protection of the patient from 
mental discomfort in the preoperative 
period as it is with his protection from 
physical discomfort during actual surgical 
manipulation. The success of any anes- 
thetic procedure is largely dependent upon 
adequate preanesthetic preparation. Such 
preparation involves a consideration of an 
extraordinarily large number of intricately 
related variable elements. 

Several requirements must be fulfilled 
before the patient is brought to anesthesia 
and operation in an ideal condition. There 
should be a minimum of fear of the impend- 
ing procedure and a maximum confidence 
of its success. There should be depression 
of general metabolism and obtundation of 
reflex irritability without coincident de- 
pression of circulation, respiration or dis- 
turbance of the normal body compensatory 
mechanisms. The patient should be forti- 
fied against probable or possible untoward 
reactions particularly characteristic of the 
anesthesia or operation to be inaugurated. 

Efforts to produce this ideal are as old as 
surgery itself. During the many surgical 
centuries before the advent of anesthesia, 
opiates, mandragora and cannibus indica 
were employed freely to dispel the fear 
attendant upon the contemplation of surgi- 
cal procedures as well as to allay pain dur- 
ing the actual ordeal. 

The discovery of anesthesia should have 
obviated the necessity of preoperative 
sedation, but assurance of a painless pro- 
cedure is still no guarantee against fear 
and dread. Thus the essential problem of 


the ancients has been preserved. In 1869 
Claude Bernard! demonstrated in labora- 
tory animals the value of preanesthetic 
preparation by the use of sedative drugs. 
He showed definitely that the opiates 
decreased reflex irritability, as well as 
oxygen consumption and that their use per- 
mitted one to establish surgical narcosis 
with a smaller amount of the volatile 
agents. From this physiologist’s laboratory 
the fundamental basis of preanesthetic 
medication was thus established. 

With an increasing number of drugs and 
techniques in use for the production of 
anesthesia have come new problems in 
premedication. An understanding of the 
action of these agents, of their advantages 
and disadvantages has developed a new 
conception of the possibilities involved in 
the use of hypnotic drugs as adjuvants. 
Preanesthetic sedation has emerged upon a 
more rational basis. The early empiricism 
has been largely discarded and a sound, 
scientific rationale is being substituted. 

It is the essential purpose of this paper to 
analyze briefly the various objects, the 
attainment of which is the purpose of pre- 
medication and to discuss the choice and use 
of the drugs best adapted to assure them. 

The assurance of a fearless, confident 
psychic state is undoubtedly one of the 
most important purposes of preanesthetic 
medication. The necessity for its provision 
is based on two principles; firstly, fear is 
definitely established as a potent factor in 
the production of untoward reaction to 
anesthesia and operation; secondly, the 
frightened patient usually retains un- 
pleasant and disturbing memories of the 
anesthesia and operation which may be 
dominant factors in his future surgical 
relationships. 
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Records are numerous of patients in good 
health, posted for minor operations, who 
have died before any manipulation was 
instituted, apparently from sheer terror. 
Most competent authorities place consider- 
able emphasis on the importance of the 
emotions as an etiological factor in the 
production of circulatory depression. In 
the sympatheticotonic type of individual 
this factor is most evident. 

That intense fear of any event or happen- 
ing creates a lasting undesirable and dam- 
aging psychic effect is well recognized. This 
applies particularly to children for whom 
too often the use of preanesthetic sedation 
is neglected. Anesthetists who habitually 
record an anesthetic history are aware of 
the influence of previous anesthetic experi- 
ences on the attitude of an individual about 
to be anesthetized. Usually it is the ap- 
proach or induction of the anesthesia which 
is remembered unfavorably and very fre- 
quently this memory is engendered largely 
because of the fear of the patient for the 
procedure rather than any actual painful 
experience. 

Individual variations in the degree of 
apprehension are great and the character of 
the outward manifestations almost as vari- 
able. Experience is the most valuable asset 
to the proper interpretation of the actual 
state of the patient’s emotions. The patient 
who exhibits much external evidence of 
concern only to subside into quiet coopera- 
tion with a small dose of sedative and 
reassurance is more familiar and less impor- 
tant than the tight lipped, well contained 
individual who shows little superficial 
evidence of the well of fear and apprehen- 
sion within him. 

Too much emphasis cannot be placed on 
the importance of reassurance as an adju- 
vant to drug therapy in the production of 
psychic sedation. Instances may be recalled 
in which the purposes of therapy have been 
defeated by injudicious conversation or 
inference of a friend or attendant. Insist- 
ence upon a consistent, intelligent effort 
to inspire confidence in the operating team 
and the success of the procedure at hand 
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by nursing staffs and other personnel is 
imperative. 

The value of a good night’s rest before 
the day of operation must be stressed. 
Whether this can best be accomplished in 
or out of the hospital is a much argued 
question. The value of twenty-four hours 
or forty-eight hours hospitalization in pro- 
viding an opportunity for familiarization 
with hospital environment and an adequate 
work-up generally outweigh any other 
consideration. Every effort must be made 
to make the patient comfortable, and dur- 
ing this period the referred verbal therapy 
can be most opportunely practiced. Pre- 
scription of a soporific drug to assure sleep 
during this period may be advisable. It 
should be supplemented with an analgesic 
whenever pain is present, if mental and 
physical comfort are to be obtained. 

The classical discussion of Guedel*® on 
the role of preoperative medication in its 
effect on reflex irritability and metabolism 
is the basis of the modern conception of 
this subject. It is generally recognized 
that deviations from normal metabolic 
activity are reflected in a proportional 
change in the degree of reflex irritability 
present. The ideal condition of the patient 
prepared for anesthesia is one in which 
metabolism approximates as closely as 
possible the basal level for that individual. 
The reduction of metabolism to the basal 
level necessitates an accurate assessment 
of the state of the metabolism of the pa- 
tient before operation and the importance 
of the existing factors which are known to 
influence it. It requires an additional 
knowledge of the action of the various 
drugs at the disposal of the prescriber and 
of the nature, time and duration of their 
effects. While actual clinical tests have 
been used to determine the metabolic state 
before anesthesia, they are generally im- 
practical and the analysis rests upon clini- 
cal observation and experienced deduction. 

No purpose will be served here by an 
exhaustive discussion of the many factors 
which may possibly influence the metabolic 
state of the preoperative patient. There 
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are, however, some common conditions 
which play a prominent and consistent 
part in its control. 

Age. The normal metabolic rate varies 
with the age of the individual. Repre- 
senting the metabolic rates as Guedel has 
done with a graph, one notes that there is a 
sharp increase from birth to one year, 
following which there is a mild swing 
upward until the fourth or fifth years. 
A moderate decline below the original 
height occurs then until puberty when a 
rise close to the level of the six year peak is 
evident. From this age until the alloted 
three score and ten a gradual decrease in 
rate is seen until the approximate level at 
birth is reached. This curve demonstrates 
the value of considering age in premedica- 
tion and explains why it is usual to under- 
estimate the sedation necessary for children 
and adolescents and to overestimate it in 
the aged. 

Fever. It has been estimated that for 
each degree of temperature above normal 
there is an accompanying increase of from 
6.5 to 7.5 per cent in the metabolic rate. 
Thus a patient with a temperature of 
105°F. might be expected to have an in- 
crease of 50 per cent in his metabolism. 

Pain. Pain markedly increases metabo- 
lism. There is no accurate measurement of 
the degree of pain and therefore no means 
of assessing its effect in any given case. 
Therapeutic tests of the efficiency of anal- 
gesics in ordinary dosages will be of definite 
value in the estimation of the part played 
by this factor. 

Emotional States. Metabolism and re- 
flex irritability are greatly speeded up by 
fear. There is a “‘reorganization” of the 
bodily functions to meet the apprehended 
event actuated possibly by the secretion of 
adrenalin, thyroxin or similar substances 
or sympathetic stimulation such as occurs 
with such secretion. While the injection of 
adrenalin experimentally, produces a defi- 
nite but transient effect on metabolism it 
is unquestionably true that in the nervous, 
apprehensive patient the effect, whatever 
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its mechanism of production, is sustained 
and definite. 

Toxemias. Acute septic processes are 
accompanied initially by a marked increase 
in metabolism. The duration of this in- 
crease depends largely on the general condi- 
tion of the patient, the presence or absence 
of debility and the acuteness of the toxe- 
mia. Too much emphasis cannot be placed 
on the importance of the rapid change in 
metabolism often seen in acute toxic pa- 
tients. Once the “‘reserve” of the patient 
is depleted the metabolic rate may fall 
very rapidly. In long debilitating toxemias, 
such as chronic osteomyelitis, the metabo- 
lism is likely to be lower than normal. The 
recognition of the peculiar “‘washed out” 
appearance of the patients in these circum- 
stances must remain a question of clinical 
judgment and experience. Specific toxe- 
mias, particularly thyrotoxicosis, influence 
the metabolic rate in proportion to the 
severity of the disease. It is common prac- 
tice to measure the rate directly in these 
cases. 

Combination of Pain, Fever and Acute 
Toxemia. This combination, so frequently 
seen in acute appendicitis, acute osteo- 
myelitis, etc., is felt to have a definite effect 
in increasing metabolism over and above 
the summation of each individual factor. 

Sthenicity. This term might be used in 
anesthesia to describe the state of the indi- 
vidual’s strength or muscular development. 
Reflex irritability will be increased in the 
muscular active outdoor type over one of 
the same age and weight who has had a 
more sedentary existence. 

Metabolism in general is increased in 
pernicious anemia, decompensated heart 
disease, hyperthyroidism and hyperpitu- 
itarism and tuberculosis. It is reduced in 
myxedema, hypothyroidism, malnutrition, 
after long continued bed rest, etc. In leuke- 
mia, while the general metabolism is in- 
creased, the tolerance for depressive drugs, 
is diminished. 

The practical value of a decreased 
metabolism and obtunded reflex irrita- 
bility is generally subscribed to by anes- 
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thetists. It has been said that “‘as induction 
goes, so goes anesthesia.” That a quiet, 
adequately depressed patient is likely to 
have a quiet, smooth induction of anes- 
thesia is axiomatic. That the excitement 
stage is seen so infrequently in modern 
anesthesia is largely owing to the extensive 
use of preoperative sedation as well as the 
utilization of rapidly acting agents. 

Depression of metabolism near the basal 
level permits anesthesia to be accomplished 
with definitely less anesthetic agent. When 
using nitrous oxide or ethylene without 
such metabolic depression, it is often im- 
possible to supply a percentage of oxygen 
necessary to prevent anoxemia and still 
have a sufficient saturation in the blood to 
maintain surgical anesthesia. With the 
more potent agents such as cyclopropane 
and ether, depression with non-volatile 
drugs obviates the necessity for a concen- 
tration of the anesthetic agent, approach- 
ing the toxic level. 

The utilization of preoperative adminis- 
tration of drugs to offset particular un- 
toward effects of anesthetic agents or 
operative stimuli, is of relatively recent 
development. Investigations of the con- 
dition of the autonomic nervous system 
during anesthesia and operation has intro- 
duced a discussion as to the wisdom of the 
routine use of drugs affecting this system. 
When there is definite evidence of the effect 
per se of various agents on the autonomic 
system and better recognition of particu- 
lar types such as a sympatheticotonic 
and the vagotonic, interference with the 
normal mechanisms afforded by the an- 
tagonism of intact parasympathetic and 
sympathetic systems may be found to be 
contraindicated. 

Barbituric acid derivatives in depressant 
doses have been found, experimentally, to 
protect against the convulsant effects of 
cocaine and its derivatives in overdose or 
sensitivity. Clinically it is believed that 
they also diminish the incidence of mild 
“procaine reaction.” 


Peripheral vasoconstrictors, notably 


ephedrine, are used to counteract and pre- 
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vent severe circulatory depression antici- 
pated with certain agents and techniques. 

The conception of utilizing antagonistic 
preanesthetic drugs has been largely dis- 
credited. The most notable example was 
that atropine effectively counteracted the 
respiratory depressant effects of the opi- 
ates. The development of preanesthetic use 
of drugs for particular specific protection 
must depend on the further acquisition of 
knowledge regarding the effects of the 
anesthetic agents themselves and in further 
clinical experience in the extent to which 
those effects if disadvantageous can be 
prevented or interrupted by non-volatile 
drugs given preoperatively. 

Drugs. Most efficient of all the drugs 
employed for preanesthetic medication 
are the opiates. Properly used they pro- 
vide psychic sedation and a reduction of 
metabolism without coincident serious 
impairment of circulation and respiration or 
disturbance of body compensatory mech- 
anisms. The opiates are alkaloids and are 
divided into chemically distinct groups, the 
phenanthrene and isoquinoline. The more 
significant in discussion of preanesthetic 
drugs is the phenanthrene group which 
includes morphine, codeine and _ heroin. 
Morphine, the most important of all the 
opiates is representative of this group, 
there being only quantitive differences 
in their actions. Outstanding properties 
of morphine are its hypnotic effect, its 
analgesic effect and its depressant effect 
on metabolism. The latter action is specific 
and in this regard morphine exceeds 
any other drug used in the preparation of 
surgical patients. A consideration of the 
factors influencing the metabolism of the 
patient affords the only basis for the intelli- 
gent administration of morphine. Proper 
doses of the drug must be individualized 
and should recognize the factors that 
modify the patient’s metabolic activity. 
Morphine may be given safely either intra- 
muscularly, subcutaneously or intrave- 
nously. An important consideration in 
the administration of morphine is the time 
element. Maximum effects may be antici- 
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pated in sixty to ninety minutes fol- 
lowing a subcutaneous or intramuscular 
injection. If given by the intravenous 
route these effects occur in approximately 
one-third the time. It is imperative that 
the drug be given a sufficient time before 
anesthesia so that maximum effects from it 
and from the anesthetic agent do not coin- 
cide. If doses exceeding 3g grain (.022 gm.) 
are indicated it is safer when administered 
fractionally. One-half the amount may be 
given two hours before induction and the 
remainder added in sixty minutes if the 
effects justify the additional amount. 
Unfavorable reactions are due most often 
to overdosage and are manifested by 
varying degrees of respiratory and cir- 
culatory depression accompanying the 
narcosis. Immediate treatment is_ best 
accomplished with oxygen which will 
insure oxygenation of the tissue during 
the depression and tend to eliminate the 
vicious cycle of asphyxia. Artificial respi- 
rations may be necessary. Actual antago- 
nism to the toxic effects of the opiates has 
been reported following the use of such 
analeptics as metrazol, coramine, caffeine, 
etc. Idiosyncrasies. to morphine are not 
common but when present may be expected 
to result in nausea and emesis characterized 
by violent and prolonged retching. No 
entirely satisfactory antidote for this un- 
fortunate occurrence is available, although 
caffeine is recommended and oxygen in- 
halations have been used. It is interesting 
to note that these sequela may occur dur- 
ing and are not eliminated by surgical 
anesthesia. 

Several opium derivatives and synthetic 
morphine substitutes such as pantopon and 
dilaudid are used widely. Enthusiastic 
claims are often made for their superiority 
but at the present time well controlled 
clinical or laboratory investigations have 
not proved conclusively that they should 
replace morphine. 

Paraldebyde. This drug is the product 
of the linking of three aldehydes. The chief 
action is hypnosis. The margin of safety 
between the effective and dangerous dose 
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is great. It does not depress circulation and 
large amounts are required to produce re- 
spiratory depression. It is usually adminis- 
tered by rectum or orally in an amount 
equal to one dram (4 c.c.) to each fifteen 
pounds of body weight. The full effect 
when given by these routes may be ex- 
pected in thirty to forty-five minutes. It is 
also used intravenously and is then imme- 
diately effective. Respiratory depression 
does not often follow therapeutic doses. In 
this respect it provides a definite advantage 
over other commonly used hypnotics. 
Metabolism is not inhibited by paralde- 
hyde in a degree comparable to morphine. 
Paraldehyde has been recommended par- 
ticularly for chronic alcoholics and for 
patients with decreased vital capacity. The 
chief objections to its use are its long action 
and the offensive odor. Untoward reactions 
are reported only from excessive doses. 
Oxygenation and artificial respiration must 
be maintained until the toxic excess of an 
overdose of the drug is eliminated. 
Belladonna Group. There are several 
drugs in this group derived from the bella- 
donna and scopola plants. Chief among 
these are atropine and scopolamine or 
hyoscine. The latter two are identical 
drugs. Drugs of this group by their para- 
sympathetic action inhibit secretions. Sco- 
polamine also produces psychic sedation 
by depressing the cerebral cortex. There 
are no other indications for the use of these 
drugs in preanesthetic medication. Atro- 
pine stimulates metabolism; scopolamine 
because it reduces emotional excitement 
does not. The dose of atropine or scopo- 
lamine varies from grain 1499 (.0006 gm.) 
to 1400 (.0002 gm.). Smaller doses are often 
not effective even in children. These drugs 
are regularly given subcutaneously and are 
effective in fifteen to twenty minutes. The 
effect persists for several hours and it is 
convenient to administer the drugs with 
morphine. Once mucus stimulation is 
established it is inadvisable to administer 
either atropine or scopolamine because 
although further secretion is inhibited the 
mucus already present becomes more viscid 
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and troublesome. The untoward reac- 
tions from scopolamine are manifested 
by a flushed face, circumoral pallor, 
tachycardia and rarely uncontrollable ex- 
citement. The drug is thought to dete- 
riorate rapidly and toxic reactions most 
often follow the use of scopolamine that 
is at least a year old.* The use of ampules 
to market the drug has reduced the inci- 
dence of unfavorable reactions to a mini- 
mum. The use of tablets containing the 
drug is not without danger. Apomorphine 
in less than emetic doses from grain 49 
(.0015 gm.) to 149 (.002 gm.) has been 
found a very useful and satisfactory anti- 
dote to the unfavorable reactions occasion- 
ally observed following therapeutic doses 
of scopolamine.‘ 

Barbituric Acid Derivatives. This ever 
increasing series of drugs vary so much 
among themselves in most every pharmaco- 
logical and biochemical respect that it is 
practically impossible to consider them as 
a group. Barbituric acid, the parent drug, 
prepared from diethylmalonic acid and 
urea is not hypnotic. The substituted 
derivatives are purely hypnotics and vary 
only in rapidity, duration and degree of 
action. Other properties are so unlike for 
the different members of the group that 
they can only be accurately described for 
each drug. It is not the purpose here to 
attempt such descriptions but merely to 
point out that the indiscriminate clinical 
use which is all too frequent is never justi- 
fied. The barbiturates produce hypnosis by 
depressing the central nervous system, 
particularly the higher cerebral centers. 
They are not analgesic and given in the 
presence of pain may cause excitement. 
During recovery when the higher centers 
are still depressed, excitement character- 
istic of a medullary defensive animal may 
occur. 

No group of drugs have been found so 
variable in their action as the barbiturates. 
One barbiturate will effect one individual 
entirely differently from another and the 
same individual may not react alike to the 
different drugs. Moreover, experimental 
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criteria for the barbiturates formulated 
with animals is often not applicable clini- 
cally since the variability among different 
species is marked. 

Barbiturates do not decrease metabolism 
until doses that seriously depress the cen- 
tral nervous system are employed. For 
preanesthetic medication they are useful 
to allay apprehension before anesthesia and 
for medication the night before operation. 
The barbiturates are also useful to protect 
against the toxic reactions from local and 
regional anesthetic drugs. 

Barbituric acid derivatives are given 
intravenously, rectally and by mouth. The 
latter method has given most satisfactory 
results for preanesthetic medication. The 
dose of a barbiturate entails a consideration 
of the length of action of the drug and its 
toxicity. The sedative effect desired can 
only be estimated. The state of health 
of the individual, his age and weight 
must be evaluated. It is advised that 
the determined dose be less than the rec- 
ommended full therapeutic dose. The 
intoxication from overdoses of barbiturates 
has no constant manifestations. Circula- 
tory and respiratory depression accom- 
panying prolonged sleep are most constant. 
Excitement, vertigo, visual disturbances, 
febrile reactions, cutaneous eruptions, etc., 
have been described. Pneumonia and pul- 
monary edema are to be feared if depression 
is profound and prolonged. Treatment 
should include artificial respiration, carbon 
dioxide and oxygen inhalations, and stim- 
ulating drugs. Certain analeptics or an- 
tagonistic drugs are recommended, partic- 
ularly picrotoxin, metrazol and caffeine. 

Miscellaneous Drugs. Ephedrine fulfills 
only one requirement of a preanesthetic 
agent. It combats the specific circulatory 
depressant reaction following tribrome- 
thanol or subarachnoid anesthesia. 

Bulbocapnine has recently been revived 
and studied experimentally® to determine 
its effectiveness for preanesthetic medica- 
tion. Its action resembles morphine but it 
has not been determined as efficient. 
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Eserine has been used for premedication 
on the theory that the sympatheticotonic 
patient may be made less resistant to anes- 
thesia by parasympathetic stimulation.® 

Of the many valuable drugs available, 
it is unfortunate that no one will ade- 
quately fulfill all the requirements for satis- 
factory preanesthetic preparation. All too 
frequently there have been recommended 
certain drugs to be given routinely for 
anesthetic preparation. Such premedica- 
tion cannot be consistently satisfactory 
and may often be a source of real danger. 
Individualization for each patient giving 
consideration to all the factors involved is 
essential. Such premedication cannot be 
done by rule or set down in tables of doses 
for any drug or combination of drugs. 

Although the paramount consideration 
is the patient, one cannot overlook other 
factors. Anesthetic procedures that appeal 
to the temperaments of certain surgeons 
may be demanded. The particular require- 
ments of specific operative techniques 
cannot be ignored. For example, in intra- 
cranial surgery drugs that are known to 
increase intracranial pressure are to be 
avoided. In intraocular operations, it may 
be desirable to use drugs that decrease the 
intraocular tension. 

The anesthetic agent and technique to 
be employed will influence the choice and 
amount of drugs employed for preparation. 
With the relatively less potent agents, 
more preliminary sedation is desirable. The 
application of special techniques may be 
facilitated by proper medication. For 
instance, if an endotracheal airway is to 
be placed through the nostril and without 
direct vision, light surgical anesthesia with 
a considerable degree of hyperpnea facili- 
tates the manipulation. This desirable 
condition will not be so readily obtained 
if the respiratory center is much depressed 
with non-volatile drugs. 


SUMMARY 


The use of non-volatile sedative and 
other drugs before operation to prepare the 
patient for anesthesia and surgical manipu- 
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lation is common practice. Preanesthetic 
sedation is a rational procedure based upon 
well established principles; these principles 
have been discussed. The pharmacologic 
actions of the drugs commonly employed 
have been described briefly. Factors which 
may modify the choice of drug, in indi- 
vidual cases, are also presented. 

No single drug or combination of drugs 
can be suited to all cases. Satisfactory 
results are obtained clinically by various 
individuals using different drugs, with the 
same general actions. Experience in the 
use of any of these drugs, particularly with 
regard to the adjustment of dose and time 
factor will result in increasing success. 
Routine prescription without individuali- 
zation cannot be satisfactory. The most 
consistently good results are obtained when 
the various influencing factors are care- 
fully weighed, the available drugs con- 
sidered and following the choice and 
administration, the effects both advan- 
tageous and otherwise accurately observed 
and recorded. The anesthetist, who is 
thoroughly grounded in the physiologic 
and pharmacologic principles of sedative 
drug prescription, experienced in assess- 
ment of the varying factors in individual 
cases, and familiar with the conditions 
under which the anesthesia and operation 
are to be performed is best fitted to pre- 
scribe sedation for any patient. Training 
and experience are more often reflected 
in the success or failure of preanesthetic 
medication than in any other phase of the 
anesthetic procedure. 
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THYL ether has been more widely 

used and more thoroughly investi- 

gated than any other inhalation 
anesthetic and is still certainly the most 
indispensible. An understanding of the 
effects of ether affords a key to the pharma- 
cology of all general anesthetics. 

After describing the action of ether two 
other fluid anesthetics, vinyl ether and 
chloroform, will be briefly discussed, fol- 
lowed by the gas anesthetics, nitrous oxide, 
ethylene and cyclopropane. 

The inhalation anesthetics are, of course, 
all characterized in their action by wide- 
spread and profound depression of the 
central nervous system. It is convenient 
to remember that the depression in general 
appears in the following order: cerebrum 
(sensation, consciousness, coordination of 
neuromuscular functions); spinal cord (re- 
flexes); medulla (vascular and respiratory 
control). In the usual anesthetic death 
circulatory failure is merely secondary to 
the collapse of the respiration. 

While the anesthetics are in a sense 
general protoplasm poisons, concentrations 
which are just fatal in mammals usually 
exhibit little significant action upon vis- 
ceral or other vegetative functions. The 
substance offering the chief exceptions 
to the last statement is a cardiac depres- 
sant and a bearer of damage to paren- 
chymal cells, for which reasons it is 
fortunately passing into obsolescence. This 
anesthetic is chloroform. 


ETHYL ETHER 


The first effects of ether include the 
appreciation of its pungent odor and taste 
followed by tinnitus and sensations of 
“floating”’, “‘sinking”’ or the like, and then 


by amnesia, analgesia and loss of con- 
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sciousness. The eyeballs begin to wander 
and the pupils to dilate but they still 
react to light, and the conjunctival and 
corneal reflexes are quite active as the 
subject passes from the stage of imperfect 
consciousness to that of excitement. 

When the second stage, “excitement” or 
“delirium,” is marked it is characterized 
by thick rambling speech, excessive muscu- 
lar activity (coordinated, spastic or both). 
Whether the excitement stage is due to 
direct stimulation on the part of the drug 
or merely to the removal of inhibitions it 
is certain that this phase of ether anes- 
thesia can break through the depression 
caused by premedication with such agents 
as the barbiturates. In this phase of its 
action ether is therefore definitely an- 
tagonistic to sedative agents. 

Passing from the stage of excitement to 
that of narcosis, the pupils begin to grow 
smaller and blinking or compression of the 
eyelids is likely to be present. “Voluntary” 
movements however, soon cease and the 
skeletal muscle relaxes; the impotence of 
the limbs becomes such that their support 
must be looked after to save them from 
injury. 

On passing beyond the first stratum of 
the stage of narcosis the eyeballs become 
fixed, the pupils become very small but 
still react to light and the conjunctival 
reflex disappears. The other remaining 
reflexes are likely to disappear in somewhat 
the following order: corneal, laryngeal, 
pharyngeal, rectal, vesical, peritoneal, geni- 
tal and patellar. The vasomotor center 
becomes depressed before all the reflexes 
have disappeared, and the blood pressure 
falls. If the outcome is fatal cyanosis will 
be followed by pallor and the pupils 
become fixed in dilation. 
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The return of dilation of the pupil with 

the variability in the reflex picture from 
case to case sometimes leads to doubt as 
to whether the subject is going into collapse 
or returning to consciousness. Immediate 
reduction of the amount of ether, prefer- 
ably with the addition of high concentra- 
tions of oxygen, will soon determine this 
question, offering at the same time a 
most important aid against collapse. 

Although, as mentioned, the medullary 
centers are among the last affected the 
character of the respiration begins to 
change in the first stage of ether anesthesia. 
Slow and shallow respiration occurs often 
with intermittant coughing, retching and 
vomiting. These changes may be secondary 
to lung irritation. In the excitement stage 
the respiration is deep, rapid and irregular 
while in narcosis it becomes still deeper but 
regains its regularity. Should the danger 
zone be reached the breathing becomes 
rapid and shallow. 

The circulation in the first two stages of 
ether anesthesia is characterized by a rapid 
pulse rate often associated with a slight 
rise in blood pressure. These phenomena 
are attributable to the peripheral irritating 
effects of the anesthetic. Inasmuch as they 
promote an increased blood flow and are 
accompanied by cutaneous vasodilation 
the result is a pink coloration of the skin. 
As the action of ether progresses, however, 
a fall in blood pressure may accompany a 
rise in the pulse rate. Should both these 
changes amount to as much as 25 per cent 
the situation demands a decrease in the 
anesthetic administration. The blood pres- 
sure falls decidedly in the lower strata of 
narcosis, the inefficiency of the circulation 
contributing to cyanosis which is worse in 
case of shock. 

The gastrointestinal tract in the induc- 
tion of ether anesthesia is likely to be 
involved by the occurrence of swallowing 
movements, excessive salivation and often 
vomiting. These all arise from reflex irrita- 
tion. If the narcosis becomes deep intestinal 
atony is likely to appear. 
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In addition to the irritating effects of 
ether a further action, dependent upon its 
rapid rate of evaporation, is that of cool- 
ing. As is well known this was formerly 
used as a local anesthetic measure. Inas- 
much as the ether is administered in 
vaporized form the cooling effect of its 
evaporation from the lungs is more than 
cancelled by the initial condensation as 
the gas enters the blood. 

The body temperature as a whole is, 
however, in ordinary environments, signif- 
icantly reduced by ether, as by all agents 
which greatly depress the central nervous 
system. This temperature reduction is 
due in part to depression of the total 
metabolism and in part to interference 
with the vasoconstrictor mechanism. The 
latter is illustrated by the fact that the 
soles of the feet are some 5° warmer than 
usual under ether and that the toes do not 
chill as normally in response to cold 
(Sheard and co-workers). These metabolic 
and vascular changes which cause the loss 
in temperature are associated with inter- 
ference with function of the heat regulating 
centers at the base of the brain. The sub- 
ject approaches a poikilothermous condi- 
tion analogous to that induced by the 
removal in animals of the hypothalamus 
and higher centers. 

The loss of the power to regulate bodily 
heat is stressed because anesthetized sub- 
jects become easily overheated in poorly- 
conditioned operating rooms. It has been 


shown that dogs under ether, regardless 


of the humidity of the environment, will 
maintain their normal body temperature 
only when exposed to a temperature very 
close to 31°c. (88°F.). When this is varied 
as little as one degree in either direction 
the body temperature tends to rise or fall 
as the case may be. 

Uncomplicated ether narcosis leads regu- 
larly to reduction in kidney secretion and 
even to anuria. This has been ascribed by 
some to reflex irritation while others 
believe that some cellular damage in the 
kidney is indicated; increased blood con- 
centration may also play a role. Corre- 
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sponding to these possible factors the 
oliguria is said to be prevented when ether 
is administered by mouth, by rectum or 
intravenously, eliminating irritation of the 
lungs; it also may be combatted by 
measures aimed at protecting the kidneys 
such as alkali and glucose or by giving large 
amounts of fluid to keep the blood from 
overconcentrating. 

The concentration of the blood in un- 
complicated ether narcosis in dogs amounts 
to as much as 15 per cent. The solids are 
increased by about 3 per cent (Barbour 
and Bourne) which is reflected in the red 
cell count and hemoglobin determination. 
Partial emptying of the reservoir of red 
blood cells in the spleen appears to account 
partly for this change, and there is evi- 
dence that discharge of the adrenal glands, 
which is marked if asphyxial factors 
are present, plays a role in this blood 
concentration. 

The resistance of the red blood cells to 
osmosis is also lowered. While the viscosity 
of the blood as a whole is thus increased 
that of the plasma is lowered as is its sur- 
face tension and refractive index. 

The above mentioned depression of the 
metabolism has been demonstrated in part 
to occur in the nervous tissue itself; for 
example, there is less production of CO, 
by the brain. Nerve fibers during ether 
anesthesia exhibit a preliminary increase 
of CO, before depression. Other metabolic 
changes are seen in the increase in sugar, 
urea and non-protein nitrogen of the blood, 
but of especial importance is the reduction 
in the alkali reserve. This is associated with 
some fall in CO, tension of the blood but 
the alkali loss is regarded as unfavorable, 
sometimes predisposing to vomiting and 
other toxic manifestations. Prevention by 
alkali and glucose with insulin is not 
difficult to secure. In the causation of the 
alkali loss ketosis, lactic acid production 
and mobilization of phosphoric acid from 
the muscles all appear to be significant 
factors. The acidotic tendency is signifi- 
cant in the parenchymal damage of liver 
and kidney resulting acutely from toxic 
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concentrations of ether, alcohol and chloro- 
form. As shown by MacNider such effects 
are preventable by treatment with alkalies, 
fluid and carbohydrates with insulin. 
MacNider has also followed the replace- 
ment of the cells by a new and more 
resistant type, and has demonstrated the 
greater susceptibility of the kidneys in 
old age. 

Absorption and Fate of Ether. Inhaled 
ether and other anesthetics diffuse readily 
in either direction through the lung epi- 
thelium. The amount taken by the blood 
is directly proportional to the partial 
pressure of the gas existing in the alveolar 
air and to the solubility coefficient for the 
particular anesthetic. The speed of absorp- 
tion may be increased decidedly by the 
induction of deep and rapid respiration by 
means of the inhalation of CO, (Y. 
Henderson). 

The solubility coefficient for ether in 
the blood is 15, which means that blood 
equilibrated with air containing ether will 
hold 15 times as much as will the same 
amount of air. It may, however, take 
forty-five minutes or more for the blood 
to become two-thirds saturated. This is 
because, during the induction of ether, the 
other tissues of the body are removing the 
ether in proportion to their respective 
rates of blood flow and their capacities to 
bind ether. Haggard has shown that the 
degree of saturation of an organ is indi- 
cated by the ether content in its venous 
blood. When equilibrium to the ether 
concentration in the air is established 
throughout the body the arterial as well 
as the venous ether content will indicate 
the degree of saturation of the various 
organs. Being thus an index of the amount 
that the brain is saturated, the arterial 
blood will indicate the degree of narcosis. 
But, during ether administration, only 
that blood which is collected from the 
internal jugular vein can serve as a guide 
to the ether concentration in the brain. 

The rate of saturation of the brain or 
any other organ at any given time Is 
proportionate inversely to the solubility 
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coefficient of ether in the blood and directly 
to the volume of blood flowing through the 
organ in question. Haggard points out 
the fact, favorable for anesthesia, that the 
central nervous system has a relatively 
larger blood flow than any other tissue. 
Its solubility coefficient appears to be the 
same as that of the blood. He regards the 
body tissues largely as a huge buffer 
delaying both the absorption and excretion 
of ether. 
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lation is by far the predominating factor 
in determining the excretion rate. 

The control of the respiratory volume 
by the use of carbon dioxide is valuable 
because it can increase the rate of induc- 
tion without raising the ether concentration 
in the air to a highly irritating level. The 
value of carbon dioxide in facilitating 
elimination is also great. It may be men- 
tioned that where CO: was not available 
brisk rubbing of the face and lips has been 


TABLE I 
PHYSICAL AND PHARMACOLOGICAL CHARACTERS OF INHALATION ANESTHETICS 
| Solubility Coefficients Effective Concentrations 
| 
| 
Boiling Anesthetic Lethal 
Anesthetic Formula Point Blood Oil | 
°c. Blood/Air | C.c./100 C.c. Ai 
Ratio! Oil? Vol. Blood, Vol, Blood, 
(37°c.) (20°) P Mems. Mems. 
Cent Cen 
Ethyl ether 64 C2Hs.0.C2Hs 34.6 15. 50 { 1165 1545 
CH2:CH.O.CH:CH2 28.3) | * 3.9% 285 3.83 685 
Chloroform............ CHCl; 61.2! 10.3 265 1.08 247 1.7? 407 
| | 95° 50") 3 atmos- 
pheres!4 
| CH2:CHe |— 103.9 0.12 14013 
Cyclopropane.......... CH: | — 37 1.15 Easily soluble { | oe. 39 
| CH: CH: | 


* Oil/water partition coefficient is similar to that of diethyl ether. 


1 Compiled by Kochmann. 

2 Meyer, K. H. and Gort 

3 Motrtror. Mouse (3 hour anesthesia). 

4 Haccarp. Dog. 

5 GoLpsCHMIDT, RavpDIN et al. Dog. 

RosENFELD. Rabbit. 

7 BUCKMASTER and GARDNER. Cat. 

10 GREENE and CurreEY. Dog; oxygen-lack necessary. 


11 Seevers, MEEK, RoveNsTINE and Sties. Dog.; !!¢, with preliminary morphine. 


12 LEAKE, KNOEFEL and GuEDEL. Mouse. 


13 Hatsey, ReyNotps and Prout. Mouse, adequate oxygen, lethal concentration with 2 atmospheres pressure. 


14 LENDLE. Mouse, adequate oxygen. 


The anesthetist can control the amount 
of ether in the arterial blood regardless of 
the total ether in the body and this arterial 
ether is the critical factor for increasing 
or decreasing brain saturation. The arterial 
ether content is controlled by the air 
content and the respiratory volume, and 
of course is proportional inversely to the 
blood flow through the lungs. 

In the elimination of ether, 87 per cent 
is accomplished by the lungs; the urine, 
perspiration and exposed serous surfaces 
of the body play a minor role. Lung venti- 


used to stimulate the respiratory mecha- 
nism with some success. Of course the 
depth of the respiration is of much more 
importance than the rate so far as ventila- 
tion of the lung is concerned. 

The minimal effective concentrations 
of ether for producing anesthesia or death 
are indicated in the table. These figures 
must be taken as approximations. The 
conditions under which ether and the other 
inhalation anesthetics have been studied 
vary so widely that quantitative com- 
parisons between the results of different 
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workers are well understood to be danger- 
ous. The reference numbers appended to 
each figure in our table may be used to 
indicate with what other figures they are 
closely comparable. However, in a general 
way, all of the results may be considered 
fair indications of what would be likely 
to hold good in man under conditions of 
uncomplicated anesthesia. 

For adequate surgical narcosis 4 per 
cent of ether in the air is regarded today 
as the approximate concentration neces- 
sary. Under such circumstances there is 
likely to be a concentration of 120 mg. in 
each 100 c.c. of blood. Continued;suffi- 
ciently long 5 volumes per cent would be 
fatal, the amount in the blood then attain- 
ing about 154 mg. per cent. In the table 
the figures from ether anesthesia in mice 
indicate some of the difficulties in compar- 
ing with human conditions the valuable 
studies which are made in this species. It 
will be noted that one observer requires 4.7 
volumes per cent to induce anesthesia; 
another is able to produce death with 
only 4 volumes per cent but the administra- 
tion must be continued over three hours. 
In this connection it may be noted that in 
order to prevent unfavorable delay in the 
induction of ether anesthesia it is found 
necessary in clinical practice to commence 


with concentrations which when long 
continued would be fatal. 
Estimation of Safety Factors. The rela- 


tive safety of inhalation narcotics has 
defied quantitative estimation through 
several generations. Too many factors 
are involved; mortality statistics particu- 
larly are contradictory and misleading. 
Although factors introduced by operative 
procedures and necessary preliminaries can 
be excluded by making determinations on 
normal animals, one is still confronted with 
such difficulties as comparison between 
species and the development of methods 
for determining the amounts and concen- 
trations of anesthesia present in air, blood 
and tissues. 

The “margin of safety” is also difficult 
to establish, for there are several ways of 
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reducing to a formula the fact that a 
certain concentration usually suffices to 
narcotize while another usually suffices to 
kill. One difficulty is that one must deal 
with the exceptional cases when talking 
about the safety factor. For this reason 
Leake has used standard mice in which 
the ratio of the lowest concentration pro- 
ducing death in any individual is to be 
divided by the highest concentration neces- 
sary to cause anesthesia in any individual. 
Using this criterion he found the minimal 
lethal concentration of ethyl ether 2.14 
times the maximal just anesthetic concen- 
tration. Naturally another figure might be 
obtained from the same set of experimental 
results by comparing the anesthetic con- 
centration for 50 per cent of the animals 
with the “‘m.I.d.s0.”” Conditions like time 
of exposure have also to be arbitrarily 
established in making such experiments. 

While 2.14 might be the “therapeutic” 
ratio of ether for mice one may with equal 
justification derive a “therapeutic ratio” 
of 1.33 for the dog (see table). Many 
investigators have referred to the “ther- 
apeutic range” of an anesthetic. To arrive 
at this from the table in the case of the dog 
one would subtract 3.7 from 4.9 (instead 
of dividing the latter by the former) and 
thus arrive at a “therapeutic range” 
expressed as 1.2 volumes per cent. 

To compare other anesthetics, strictly 
therefore, with ether it would be necessary 
not only to define the index of safety used 
but also to correlate a great variety of 
operative procedures and of premedication 
effects. 

Preanesthetic conditions other than seda- 
tion by drugs which may influence the 
outcome of ether anesthesia are the cardiac 
reserve, fasting, purgation, dehydration, 
acidosis, acapnia and psychic or sensory 
disturbances during induction. Some occur- 
rences during operation which may exert 
much influence are fluctuating depth of 
anesthesia, hemorrhage, shock, sepsis, high 
metabolic rate (as in fever or thyroid cases). 
Besides this other pathological factors 
such as cardiac disease, high blood pressure, 


440 American Journal of Surgery Barbour—Pharmacological Action 


anemia, pulmonary inflammation or renal 
disease may all contribute toward alter- 
ing the response of the individual to 
ether. 

Premedication. Modification of ether 
anesthesia by preliminary medication has 
been the subject of intense study and 
widely varying practice. The usual aim 
of premedication is to supply by injection 
or ingestion a substratum of greater or less 
intensity, upon which the anesthesia is to 
be completed with the use of an agent 
which is inhaled. The effects of an injected 
drug are not subject to immediate reversal 
because of the relatively slow elimination 
of non-volatile substances, whereas the 
intensity of the effect of volatile sub- 
stances is largely controllable on account 
of their rapid excretion. The chief ad- 
vantage of premedication is the production 
of some degree of amnesia, analgesia, eu- 
phoria and sleep before commencement of 
the usually unwelcome processes of inhal- 
ing a foreign substance through a mask. 
By lessening the metabolic rate a sedative 
drug may thereby lessen the demand for 
oxygen during the anesthesia; it may like- 
wise contribute toward decreasing acidosis, 
blood concentration and oliguria. Finally 
it is often desirable to prolong the anes- 
thesia by a period of light sleep following 
the operation. Furthermore, especially 
with ether, less variability in the respira- 
tion, circulation, etc., occurs after pre- 
medication; the anesthesia is “‘smoother.”’ 
The irritation of the so-called excitement 
stage may be eliminated entirely but is 
likely to break through the sedation to 
some extent. 

“‘Basal anesthesia” is merely an intensi- 
fication of premedication to the point of 
narcosis. No non-volatile drugs exist which 
may with perfect safety be given to the 
point of good surgical narcosis; therefore, 
regardless under what name the pre- 
liminary medication is known, the aim 
should be to attain only sedation. The risk 
of respiratory depression must be entirely 
avoided, and the intravenous route used 
only in emergency. Excess mental or 
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bodily activity before the administration 
of a sedative tends to detract from its 
efficiency. 

The principal agents used for preanes- 
thetic sedation are morphine, the shorter 
acting barbiturates, especially amytal 
and nembutal, scopolamine, tribrometh- 
anol (avertin), paraldehyde, chloral and 
magnesium. 

Combination Narcosis. Considerable 
pharmacological literature has accumu- 
lated around the question as to what 
effect one depressant drug may exert upon 
the action of another. The much abused 
term “‘synergism” was originally designed 
to indicate that the action of a combina- 
tion of drugs was greater than could be 
expected from the summation of the 
component actions. For example, if one- 
half of a just narcotic dose of one drug 
gives narcosis when combined with only 
one-quarter of the just narcotic dose of 
another drug, we speak of a true synergic 
action. There is some evidence that 
closely related drugs are purely additive 
in their combined action while the com- 
bination of two such different substances 
as morphine and chloroform are synergic. 
Widely different drugs may select differing 
sites of action, or one of such a pair may 
facilitate the penetration of the other drug 
into the cells. However, in previously 
untested combinations, there is equal 
reason to expect antagonism rather than 
synergism. In the field of anesthesia little 
has been practically gained from the 
development of these conceptions. Two 
superimposed anesthetics usually give 
merely additive action as shown, for 
example, by Lendle who obtained this 
result by varying the proportions of 
nitrous oxide and ether. Halsey and 
Lacey, without claiming synergism, have 
shown that one-fifth the lethal dose of 
dial or nembutal deepens the narcosis 
produced by given concentrations of ether. 
Synergism even when present in therapeu- 
tic action loses any advantage if an equal 
degree of synergism exists in the toxic 
effects. 
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On the other hand it is possible to 
observe antagonism in the toxic effects 
of the same combination of drugs which 
produces synergism of therapeutic effects. 
The theoretical basis of this has been 
elaborated by Loewe.* No such combina- 
tion of anesthetics, however, has yet been 
demonstrated. An example of undesir- 
able combined toxicity of drugs, possibly 
amounting to synergism, is seen in the fact 
that the minimal lethal doses both of 
cocaine and procaine are much lower dur- 
ing ether narcosis. 

Stimulation during Ether Anesthesia. A 
curious anomaly which sometimes develops 
is the appearance of convulsions during 
ether narcosis, that is, at a time when most 
of the central nervous function is depressed 
much below its normal level. If not epi- 
leptic in origin, these convulsions may 
often be attributed to drugs (especially 
barbiturates) given for the specific purpose 
of furthering central nervous depression. 
Ether does not seem to interfere particu- 
larly with the respiratory action of such 


drugs as atropine and lobeline; the effects 
of these in any case are rather evanescent. 
Ether depression seems to yield well to the 
stimulating action of coramine on the 
respiratory center. 


THEORY OF NARCOSIS 


The intimate reaction of ether and other 
anesthetics upon the cells is too inade- 
quately understood to justify extended 
discussion here. It will merely be pointed 
out that the analogy between oil-solubility 
and narcotic action has received sub- 
stantial support from many angles. Such 
an analogy might merely concern transport 
of the anesthetic to and into the cells, 
which is not the same thing as the trans- 
formation of cellular activity. The Meyer- 
Overton theory of narcosis has become more 
substantially grounded by the demonstra- 
tion that the narcotic concentration in mols 
per litre of lipoid solvent is a surprisingly 
constant quantity for a great variety of 
anesthetics, ranging usually between .04 

*Loewe, S. Klin. Webnschr., No. 23, 1927. 
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and .10. In view of the factors of experi- 
mental error and the wide differences of 
10,000 times in anesthetic potency this is 
indeed a surprisingly narrow range (V. E. 
Henderson). 

Most of the suggested mechanisms of 
anesthesia have been found compatible 
with the lipoid theory and concern such 
factors as surface tension, absorption, 
permeability and differences in potential 
on two sides of a lipoid containing mem- 
brane (Beutner). Claude Bernard’s theory 
of reversible semicoagulation of proteins 
by anesthetics has received considerable 
attention; by some it has been linked with 
theories of dehydration, there being evi- 
dence that anesthetized cell bodies tend 
to lose water. 

It is clear today that anesthetic action 
is totally independent of asphyxia although 
it may lead to the latter condition. When 
nitrous oxide was the only gas anesthetic 
in use there was some ground for confusion 
in this matter but our more modern gas 
anesthetics function in the presence of com- 
plete oxygen saturation of the blood and 
tissues. 


VINYL ETHER 


Leake investigated the anesthetic prop- 
erties of vinyl ether (divinyl oxide) because 
its chemical formula suggested the possi- 
bility of combining the advantages of ether 
with those of ethylene; how far the expecta- 
tion of superiority is justified it is still too 
early to state. Associated with the greater 
volatility of the vinyl ether appears to be 
some increase in potency, speed of induc- 
tion and of recovery. The anesthetic effect 
of vinyl ether is said to be 140 per cent 
quicker than that of ethyl ether at 20°c. 
but only 43 per cent quicker at 35°c. 

Apparently vinyl ether does not inter- 
fere with the muscular activity of the 
uterus or the intestine although producing 
relaxation of the abdominal wall com- 
parable to that of ethylene. During a sur- 
gical degree of narcosis with vinyl ether 
the respiration is strong and the circulation 
apparently unchanged. There is a low 
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incidence of excitement, postanesthetic 
vomiting or complications in the lungs and 
kidneys. It is, however, a marked salivary 
stimulant, indicating the preliminary use 
of atropine. Leake’s therapeutic ratio for 
mice is 2.29. 

Liver damage when present is moderate 
and can be traced to anoxemia. Bourne 
and Raginsky have shown that vinyl ether 
in normal or fasted dogs does not alter the 
liver function appreciably; nor does vinyl 
ether enhance preexistent liver function 
damage due to chloroform. The same 
authors attribute death from the anes- 
thetic to respiratory failure, followed 
closely by failure of the heart. The low 
concentration of vinyl ether as compared 
with ethyl ether in the blood (see table) 
both for anesthetic and for lethal action, 
is an indication of lower solubility in the 
blood rather than of higher potency. Vinyl 
ether is very unstable in pure form but as 
supplied in commerce is protected by 
per cent phenyl-alpha- naphthylamine 
and 3 per cent alcohol. 


CHLOROFORM 


As shown by the table, chloroform is an 
anesthetic three times more powerful than 
ether and more than twice as toxic as 
judged by the method of minimal lethal 
concentration. The “therapeutic range,” 
however calculated, is certainly no more 
favorable than that of ether (Leake’s ratio 
is 1.66) but the relative danger of chloro- 
form as compared with ether lies less in 
any difference in therapeutic range than 
in the potency of relatively small amounts. 

Most serious is the action of chloroform 
upon the heart. Here it is effective in con- 
centrations only 3 or 4 per cent as great 
as are required of ether. Not only is 
the heart thus exceedingly sensitive to the 
depressing action of chloroform but in the 
presence of the drug it quickly develops a 
most dangerous state of irritability. Fatal 
Syncope may occur in the very first mo- 
ments of induction. 

These facts outweigh all the possible 
advantages of chloroform over ether such 
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as “smoother” induction (which does not 
apply when ether is given with suitable 
premedication) more rapid action, or lesser 
degree of irritation. 

It may be emphatically stated in spite 
of tradition to the contrary that the use of 
chloroform as a general anesthetic has no 
justification today. The deleterious fatty 
degeneration of the viscera, appearing if 
chloroform anesthesia is continued for more 
than a few minutes, serious as it is, is of 
secondary importance when compared with 
the danger to the circulation. 


GAS ANESTHETICS 


The gas anesthetics, nitrous oxide, ethyl- 
ene and cyclopropane exhibit speedier on- 
set and discontinuance of action than the 
fluid inhalation anesthetics. At ordinary 
temperatures this increase of speed is due 
to their possession of low solubility coeffi- 
cients in the blood. Narcosis is inversely 
proportional to solubility in the blood and 
“inert”’ tissues (see table) because greater 
solubility diverts more anesthetic sub- 
stance from its seat of action. 

Two of the three gas anesthetics to be 
discussed, namely, nitrous oxide and ethyl- 
ene, are incapable of attaining lethal 
concentrations at ordinary pressures and 
are therefore essentially without danger to 
the patient except in so far as their use 
entails the occurrence of asphyxia. Cyclo- 
propane, on the other hand, exhibits its 
own toxicity at ordinary pressures in the 
presence of adequate oxygen, for it is fatal 
in concentrations of 39 volumes per cent. 

Recovery from gas anesthesia is very 
rapid; demonstrable traces are not present 
after five to ten minutes. This is on account 
of, first, the rapid excretion, not much anes- 
thetic being stored in the blood and tissues 
because the solubility coefficient is low. 
Furthermore, the gas narcotics do not 
interfere with the efficiency of the circula- 
tion or the depth of the respiration; they 
find better transport facilities for their 
excretion than do narcotics which impede 
their own elimination by depressing res- 
piration, circulation or both. The gas 
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anesthetics, while producing general depres- 
sion of the central nervous system, exhibit 
a greater specificity for depression of sensa- 
tion and consciousness than do ether and 
chloroform which, as already mentioned, 
are more prone to disturb the centers of 
respiration and circulation. 

Since gas anesthetics are controlled more 
readily than ethyl ether and are more 
specific depressants of the central nervous 
system they are all essentially safer in the 
more serious conditions. In particular, 
severe major operations, shock, grave 
hemorrhage or sepsis, cardiac, respiratory 
and renal diseases and acidotic states are 
regarded as indications for gas anesthesia. 
Where myocardial involvement is definite 
it would appear that the order of safety 
is: nitrous oxide, ethylene, cyclopropane. 


NITROUS OXIDE 


Paul Bert believed that one atmosphere 
of nitrous oxide suffices to produce deep 
narcosis even when an atmospheric quota 
of oxygen is coincidently introduced under 
pressure. Brown, Lucas and Henderson 
have definitely demonstrated that this is 
not the case, and that without anoxemia 
even 174 volumes per cent nitrous oxide 
are insufficient to produce deep narcosis. 
Two atmospheres of nitrous oxide are 
necessary to anesthetize completely in the 
presence of adequate oxygen, and three 
atmospheres to produce death under the 
same conditions. Ninety-five per cent 
nitrous oxide potentiated by partial as- 
phyxia (5 per cent oxygen) suffices to 
produce complete anesthesia in the absence 
of other medication. 

Ninety-five per cent of nitrous oxide plus 
5 per cent of oxygen gives a shorter period 
of anesthetic induction in the rat in the 
presence of morphine than without it 
(Barlow and Stormont). This drug also 
lengthens the duration of the anesthesia 
even when the N.O is lowered to 85 per 
cent. Fifteen per cent of the minimal lethal 
dose of morphine sufficed to maintain 
nitrous oxide anesthesia for at least thirty 
minutes in the absence of anoxemia. 
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Nitrous oxide exerts no irritation or toxic 
action upon the lungs, heart, kidneys or 
brain. Its inhalation in pure form results 
in the loss of consciousness after a few 
breaths, consciousness returning within 
thirty seconds. The skin assumes a dull 
pink color but as soon as asphyxia is al- 
lowed to appear the deep blue of cyanosis is 
evident. Postanesthetic vomiting is rare. 

Even when given with oxygen and excess 
pressure, nitrous oxide does not produce 
complete muscular relaxation. When acid- 
osis, hyperglycemia, dyspnea or circulatory 
depression occur they are always attribut- 
able to anoxemia rather than to the gas. As 
mentioned under the ether discussion, 
when that anesthetic is combined in any 
percentage with nitrous oxide the pharma- 
cological results have been shown to be 
directly additive. 

Under nitrous oxide respiration at first 
is slow, shallow and irregular. Indications 
of delirium may occur. The muscles are 
somewhat spastic, usually with slight limb 
movements, but definite excitement does 
not occur in the absence of excessive 
oxygen. The eyeballs wander and the 
pupils are dilated and react to light; the 
other eye reflexes are present. In surgical 
anesthesia under nitrous oxide and oxygen 
the respiratory rate is from twenty to 
thirty per minute. As with ether, the eye- 
balls eventually become fixed and the 
pupils smaller with a loss of the conjunc- 
tival reflex and then the corneal reflex. The 
circulation remains unchanged. Under still 
deeper anesthesia, involving a considerable 
degree of anoxemia, muscular relaxation 
does not improve but indications of col- 
lapse may appear. Unless the oxygen sup- 
ply is increased clonic spasms analogous to 
asphyxial convulsions may develop. 

The addition of ether or the complete 
change to ether anesthesia usually relieves 
the difficulties of nitrous oxide anesthesia. 
Pure oxygen must always be given when 
doubt is present as to the depth of the 
narcosis. 

Toxic impurities which may occur in 
nitrous oxide include especially the higher 
oxides of nitrogen. 
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ETHYLENE 


W. E. Brown, and independently, Luck- 
hardt and Carter showed that ethylene is 
a direct depressant of the central nervous 
system in concentrations of 90 volumes 
per cent with oxygen 10 per cent. The 
motor reflexes are abolished and some of 
the phenomena produced are asphyxial but 
these can be overcome by the addition of 
oxygen. Surgical anesthesia is easily pro- 
duced by ethylene and the effects of ethyl- 
ene-oxygen anesthesia scarcely differ from 
those described for nitrous oxide-oxygen. 
As the table shows, the solubility coefficient 
in blood is less than that of nitrous oxide; 
hence ethylene is more rapid in action. It 
differs also from nitrous oxide in its capac- 
ity to cause a greater muscular relaxation 
which, however, is less complete than that 
produced by ethyl ether. Miller and Plant 
found the gastrointestinal musculature 
stimulated rather than depressed. 

Ethylene produces neither respiratory 
irritation, salivary stimulation nor sweat- 
ing. Recovery is rapid and postoperative 
nausea rare. The skin should be pink 
throughout the narcosis but if anoxemia 
becomes too marked an ashen gray cyanosis 
develops. The red blood cells are increased 
in number, as with ether; their osmotic 
resistance is likewise decreased. Any meta- 
bolic changes are insignificant unless at- 
tributable to asphyxia. 

Heat regulation is but little affected by 
ethylene, and the temperature fall is 
ascribed chiefly to muscular relaxation. 
Of all the inhalation anesthetics ethylene 
appears the freest from undesirable phar- 
macological actions. Its chief disadvan- 
tage lies in its explosive and inflammable 
character. 

Acetylene (CH:CH) is a gas of similar 
character to ethylene, with higher boiling 
point (—84°c) and greater oil solubility. 
For many in Europe it has filled the place 
occupied by ethylene in this country. The 
potency of acetylene is greater than that 
of ethylene for which reason it can be 
administered at ordinary pressures with 
adequate oxygen. It has the capacity to 
raise the blood pressure. 
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CYCLOPROPANE 


While investigating its isomer, prop- 
ylene, Lucas and Henderson found cyclo- 
propane to be more powerful and less toxic 
than that gas. As indicated by the table 
its solubility coefficient for blood is more 
than twice that of nitrous oxide; this 
means slower induction of anesthesia. 
While effective as an anesthetic in 13 
volumes per cent concentration, after 
preliminary morphine injection, this con- 
centration must be doubled to produce 
anesthesia independently. When the first 
mentioned concentration is trebled death 
ensues. Leake’s “therapeutic ratio” for 
cyclopropane in mice is 2.0. 

It has been found that the tissues fix 
27.5 mg. per 100 grams of body. As this is 
about one-quarter of the fixation of ether 
a much more rapid induction of anesthesia 
takes place. 

Because of the high oxygen concentra- 
tion possible with this anesthetic it is 
apparently superior for many types of 
cases. It is non-irritating, except in high 
concentrations, and can be adequately 
given without depression of respiration or 
circulation. Cyclopropane does not appear 
to affect the metabolism or seriously to 
affect the liver. Romberger has described 
the following stages of anesthesia produced 
by cyclopropane: the induction stage, end- 
ing with the disappearance of the lid 
reflex; ‘moderate anesthesia” ending with 
the disappearance of the eyeball move- 
ments; deep anesthesia. 

Anesthetists accustomed to observe re- 
spiratory augmentation by diaphragmatic 
breathing with other anesthetics may be 
misled by its absence with cyclopropane. 
The breathing bag should be watched to 
avoid entering upon the stage of respira- 
tory depression. Laryngospasm occurs only 
at high concentration. 

Waters finds that the most valuable 
signs warning that the limit of tolerance 
has been reached are changes in the charac- 
ter of the pulse. Arrhythmia, slowing of 
the rate to 50 and less, or a definite increase 
in rate demands a reduction in gas con- 
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centration by the addition of a considerable 
quantity of oxygen. Color cannot be used 
as an indication of the degree of narcosis, 
and Waters believes that carbon dioxide is 
contraindicated. 

Electrocardiographic studies sometimes 
indicate an increase in the irritability of 
the heart; while this is slight it must be 
kept in mind. Recovery appears to be 
accompanied more frequently by nausea 
than is the case with nitrous oxide or 
ethylene. Wood finds that cyclopropane 
may be combined to advantage with 
tribromethanol but not when disease of the 
liver or kidneys is present. The disadvan- 
tages of cyclopropane are its inflammability 
and explosibility as well as its marked 
potency at atmospheric pressure. 


SUMMARY 


The chief pharmacological effects of 
ethyl and vinyl ethers, chloroform, of the 
gas anesthetics in general and nitrous oxide, 
ethylene and cyclopropane in particular 
have been described. Most completely 
detailed are the effects of ether, the other 
anesthetics being discussed in part by 
comparison. 

The conditions which control the absorp- 
tion and fate of anesthetics, the methods 
of determining the factors of safety, the 
principles of preanesthetic medication and 
combination narcosis have all been pointed 
out, as well as the present status of the 
theory of narcosis. 

Emphasis has been laid upon those 
features of anesthetic action which are of 
greatest clinical significance. The more 
important physical characters of the six 
anesthetics and their minimal anesthetic 
and lethal concentrations in the inspired 
air and the blood are presented in tabular 
form. 

The appended bibliography affords a 
key to recent advances in the field of the 
inhalation anesthetics. 
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PRESENT STATUS OF INHALATION ANESTHESIA* 


M. Waters, M.D. 


MADISON, WISCONSIN 


status” of any branch of science 

must be concerned with the extent 
to which the fundamental problems of the 
field have been satisfactorily solved. The 
basic problem of anesthesia is the provision 
of pain relief under ideal circumstances 
and with a perfect agent and technique. 
The particular properties which this drug 
and technique should possess hardly need 
restating here. Many years ago the re- 
quirements of anesthesia were simple and 
premature. The production of pain relief 
while surgical manipulation was carried 
out was then almost the only desideratum. 
Today, the great advances in surgical 
technique, the more ambitious nature of 
the surgery attempted, and the greatly 
augmented critical attitude of the surgical 
profession have introduced many new con- 
ditions as requirements of good anesthesia. 
Much has been said regarding the relative 
merits of various agents and techniques 
now available, and the trends in their 
choice for inhalation anesthesia and what 
they offer, will be presented. 

If one were influenced only by the nature 
and content of the articles currently ap- 
pearing in the surgical journals, he might 
be forced to conclude either that inhalation 
anesthesia has been perfected and hence 
there is no more to write about it, or that 
it has been discarded completely. The 
articles concerned with drugs intended to 
produce pain relief describe their intro- 
duction into the body by way of the veins, 
tissues and rectum, or by any route other 
than through the pulmonary alveoli. These 
non-volatile agents are always compared 
to the use of ethyl ether spilled in a hap- 
hazard manner on a gauze mask. The con- 
venience to the surgeon in quick induction, 
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banishment of the anesthetist from the 
region of the face, quick and pleasant re- 
covery for the patient and many other 
advantages are emphasized. When a “poor 
guess” as to dosage, or technical fault re- 
sults in failure from the use of non-volatile 
agents, the habit seems to be to resort to 
“open” ether. The contrast is strikingly 
favorable, of course, to the non-volatile 
agents. A patient frightened by a thera- 
peutic failure is scarcely a good subject for 
the beginning of another technique, even 
if the one chosen represented the best that 
there is to offer. 

The belief in some quarters in the past 
that the administration of a drug by 
inhalation is a simple procedure which can 
be safely accomplished by the youngest 
and least experienced physician available, 
or even by a non-medical technician, was 
unfortunate. During the last quarter of a 
century we have come to realize that a 
method of drug administration which has 
remained effective and in the main safe 
when relegated to the hands of the inex- 
perienced or even of the ignorant, must be 
possessed of possibilities for the greatest 
safety and perfection if placed in the hands 
of skilled and capable physicians. Drugs, 
whether injected or inhaled, which produce 
complete abolition of the effect of sensory ° 
stimuli are accompanied by more or less 
depression of physiologic processes, par- 
ticularly the function of respiration. There 
is no injection drug, be it a derivative of 
barbituric acid, of alcohol, of opium, or of 
any other origin, including locally acting 
agents, which, in completely effective 
doses, does not sometimes approach a 
dangerous disturbance of respiration and 
other vital functions. At best, non-volatile 
agents when injected must be given in pre- 
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determined and to a certain extent 
“guessed” dosage. No two individuals 
receive exactly similar sensory depression 
from similar doses of any drug, whether 
calculated by weight, by age, or in any 
other way. Obviously, the shortest acting 
non-volatile agent will, other things being 
equal, prove safest. Even with the most 
rapidly destroyed agents suggested for 
anesthesia by injection, the recovering of 
depression is relatively slow as compared 
with volatile or gaseous agents. 

Inhalation agents are now available 
which will induce sleep with no more un- 
pleasant sensation than that involved in 
tolerating facial contact of a covering for 
the nose and mouth. Techniques are in 
extensive use which will assure complete 
control of the patient’s respiration and 
anesthetic concentration with the anes- 
thetist at the foot of the table if necessary. 
Closed endotracheal airways! will even 
permit the surgeon to irrigate thoroughly 
the nasal sinuses and the whole upper 
respiratory tract without danger of con- 
tamination of the lungs or interference 
with normal pulmonary ventilation. Arti- 
ficial respiration with oxygen is available 
at all times. At the same time, advances in 
physiology have taught us how to balance 
and stabilize the disturbances accompany- 
ing the inhalation of drugs for pain relief. 

This better physiologic understanding 
has been found useful or even life-saving 
in the correction and control of disturb- 
ances accompanying the injections of non- 
volatile anesthetic drugs. The introduction 
of agents through the respiratory tract is 
technically no more difficult than the 
essential control of oxygen and carbon 
dioxide tension of the inspired air which is 
an admitted accessory to injection anes- 
thesia. To one who for many years has been 
concerned with the study of anesthetic 
drugs, non-volatile by injection and vola- 
tile or gaseous by inhalation, both in the 
laboratory and in the operating room, a 
greater feeling of safety and control, of 
having both the wheel and the throttle in 
one’s hands, is experienced when the major 
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portion of sensory depression is being pro- 
duced by drugs which enter and leave the 
patient’s circulation under second to second 
control through the alveoli. 


DRUGS 


Roughly, there are eight drugs now 
available for the production of anesthesia 
by inhalation. Four of these were tried be- 
fore 1850; namely, nitrous oxide, ethyl 
ether, chloroform, and ethyl chloride or 
other hydrocarbon radical haloids. The 
other four, ethylene, acetylene, viny! ether 
and cyclopropane have become popular 
since the Great War. In the first decades 
of surgical anesthesia, no thought was given 
to the need of administering anesthetic 
agents in an oxygen enriched atmosphere. 
With this addition, Wells might have had 
better success with nitrous oxide. We now 
know that chloroform administered in an 
oxygen atmosphere may cause as little 
liver necrosis as ether in air, and that ether 
administered in an oxygen depleted atmos- 
phere may cause more liver necrosis than 
chloroform in air.? Possibly, improved 
methods of administering these older agents 
is the path along which future perfection 
may lie. Meanwhile, one is tempted to feel 
that a distinct contribution has been made 
in one or more of the four agents introduced 
in recent years. The attempt to find a new 
volatile liquid has continued throughout 
almost a century since Simpson’s sugges- 
tion of chloroform as a substitute for ether. 

Vinyl ether is the only suggestion of a 
new volatile liquid which has reached the 
stage of extended clinical trial* and many 
have preferred it to ethyl ether. In our 
hands, it has produced unconsciousness 
slightly more rapidly and comfortably, but 
the character of the resulting surgical anes- 
thesia has not been comparable to that of 
ethyl ether. Reports of satisfactory results 
with this agent seem to have issued from 
cities at sea level, whereas those using 
the drug at higher elevations are less 
enthusiastic. Detailed knowledge of possible 
pathologic and pharmacologic damage is 
lacking still. 
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GASES 


During a hundred and thirty-six years 
since the suggestion of Davy that nitrous 
oxide might relieve the pain of surgery, this 
drug has remained the only agent not a 
hydrocarbon. It has maintained a universal 
reputation for usefulness. Its only handicap 
has been lack of potency unless adminis- 
tered in an atmosphere of extremely low 
oxygen tension. All attempts to discover a 
gas with greater potency have necessitated 
resort to members of the hydrocarbon 
series, unsaturated hydrocarbons with one 
exception, and all retaining the fire hazard 
characteristic of the ethers. The introduc- 
tion of a halogen atom in any hydrocarbon 
gas to eliminate or reduce the fire hazard 
has not been successful. At best, halogen 
compounds as anesthetic agents so far have 
proved unnecessarily toxic to parenchy- 
matous tissue. Until a gas is discovered 
with the innocuous properties of nitrous 
oxide, but with such potency as to assure 
deep surgical anesthesia without the danger 
of oxygen want, the interest of anesthetists 
in gaseous hydrocarbons is justified. 

Ethylene and acetylene, two simple un- 
saturated hydrocarbons, possessing in the 
case of the latter at least, distinctly greater 
potency than nitrous oxide, have for 
several years held the field. The suggestion 
of Henderson and Lucas‘ in 1929 that 
cyclopropane, a saturated hydrocarbon gas 
with a ring structure, might serve the pur- 
pose of anesthesia, has occupied the more 
recent attention of practical and experi- 
mental anesthetists. Numerous reports 
from the University of Wisconsin and a 
greater number from other sources offer 
incomplete testimony on which to base 
judgement of the suitability of this agent 
for clinical anesthesia. Suffice it to say here 
that our investigations have seemed to 
justify the continued use of cyclopropane 
to such an extent that 55 per cent, or 5889 
administrations, of the inhalation anes- 
thesia at the Wisconsin General Hospital 
in the three year period 1933, 1934 and 1935 
utilized this agent. The comparative post- 
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anesthesia and postoperative respiratory 
morbidity has been distinctly less* and the 
circulatory morbidity more, than following 
other inhalation agents.’ Further studies 
of the mechanism of circulatory changes 
accompanying the inhalation of cyclopro- 
pane are being continued with the object 
of determining their significance. Pleasant 
induction of unconsciousness and unlimited 
depth of anesthesia without oxygen want 
characterize this agent to a degree not seen 
with other agents now in use. 


METHODS 


Speed and ease of control of the tension 
of anesthetic gas or vapor in the alveoli are 
essential to good inhalation anesthesia. 
Similar control of the concentration of 
oxygen and carbon dioxide is necessary if 
disturbance of physiologic activity is to be 
avoided. The control of the latter factors 
is quite as important following the injec- 
tion of non-volatile agents as it is during 
inhalation anesthesia. Developments of the 
past twenty-five years have made available 
pharyngeal and endotracheal airways which 
assure free breathing and protection from 
pulmonary flooding with blood and other 
foreign matter, whatever the demands of 
surgery. By means of the chemical absorp- 
tion of carbon dioxide from respiratory 
atmospheres, a completely closed system 
is available assuring a warm, moist, non- 
irritative atmosphere under second to 
second control as to its content of oxygen 
and carbon dioxide as well as the tension of 
anesthetic gas or vapor.’ 


CONCLUSIONS 


For safe anesthesia, the need for con- 
stant supervision of respiration, with 
occasional assumption of active control, 
will always require the presence of a physi- 
cian familiar with the signs of carbon diox- 
ide and oxygen imbalance as well as with 
the pharmacologic effects of the various 
agents. Such an individual, to be com- 
pletely safe, must be expert in the insertion 
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of airways and control of the respired 
gases. These are essential requirements for 
the patient’s safety whether drugs are 
administered by injection or by inhalation. 

It is our sincere belief that the knowledge 
and application of well planned physio- 
logic principles to the technique of anes- 
thetic administration is the all important 
factor in safe and pleasant results, not the 
particular drug that may be chosen. The 
correction of faulty carbon dioxide-oxygen 
balance in the patient’s tissues, avoidance 
of cold and irritating atmospheres in the 
respiratory tract, maintenance of a free 
airway at all times, fortification and con- 
trol of the fluid and salt balance, are the 
factors which determine our results what- 
ever drug or method may be selected. 
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ENDOTRACHEAL ANESTHESIA 


I. W. MacIL1, M.B., D.A. 
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HE maintenance of a free airway has 

long been recognized as a first prin- 

ciple in general anesthesia and the 
danger of complete laryngeal obstruction 
has always been obvious. On the other 
hand the cumulative effects of partial 
respiratory obstruction have, in the past, 
been frequently overlooked and it is not 
improbable that many of the surgical diffi- 
culties, postoperative complications, and 
even fatalities attributed to the anesthetic 
agent have been primarily due to an imper- 
fect airway. It may be said without exag- 
geration that in remedying this defect 
endotracheal anesthesia has proved as 
great a factor in the advances of anesthesia 
as the discovery of new drugs or the devel- 
opment of improved apparatus. Thus, 
apart from the advantages it offers to the 
surgeon, the safeguard afforded to the 
patient may prove to be a definite factor 
in the reduction of the deaths and com- 
plications for which general anesthesia has 
been held responsible. Historically, laryn- 
geal intubation is older than general anes- 
thesia. It has been clearly shown by 
Waters, in his comprehensive account of 
the development of endotracheal methods, 
that many devices and points of technique 
which have been described as new in recent 
years had already been discovered by 
former observers. 

Although Kuhn was the first to recognize 
the value of intubation anesthesia, through 
the nose as well as the mouth, it would 
appear that the chief stimulus to modern 
development in endotracheal anesthesia 
was due to Elsberg, who applied to the 
human subject the insufflation principles 
which Meltzer and Auer had demonstrated 
with such success in animals. Here, the 
possibility of safely opening both pleural 
cavities with the insufflation technique 


eclipsed many advantages of intubation 
as we know them to-day. Development 
improved with the opportunities given by 
the Great War. In England, the segregation 
of facial and jaw injuries in a special hos- 
pital at Sidcup devoted to reconstructive 
surgery called for special skill when general 
anesthesia was required, and in time endo- 
tracheal anesthesia became the routine 
method. It was not long before its advan- 
tages in plastic surgery were widely recog- 
nised, and its use has since been rapidly 
extended to other surgical fields. 

So much is this so, that, owing to the 
ease of control it affords, there is a tendency 
towards its employment in every operation, 
regardless of other considerations. This 
tendency is to be deprecated, especially 
in the teaching of students. The novice 
should learn airway control by simple 
methods in the first instance, for he may 
be called to administer an anesthetic in 
circumstances in which artificial devices 
are not available. Moreover, as the method 
involves instrumentation, which is not de- 
void of the risk of trauma, even though it 
may be slight, intubation should only be 
attempted when the necessity for it has 
been considered carefully. 


USE OF ENDOTRACHEAL ANESTHESIA 


Advantages. 

1. In most circumstances the anesthetist 
has complete control of the airway. 

2. There is no tax on the respiratory 
mechanism of the patient. 

3. Respiration being under control and 
unhampered, it is possible for light and 
even anesthesia to be maintained. 

4. The patient can be protected against 
the entry of blood into the trachea. 

5. The anesthetist and his apparatus 
are Clear of the field of operation. 
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6. The surgeon is protected from the 
patient’s exhalations, an important factor 
in oral operations. 
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laryngoscope when the tube has _ been 
passed by the mouth. 

Endotracheal catheters (Fig. 1) may be 


Fic. 1. Author’s endotracheal tube. 


7. Endotracheal or endobronchial suc- 
tion can be employed in certain thoracic 
operations without interference with the 
anesthesia. 

8. The anesthetic can be confined to one 
lung, leaving the other in a state of collapse. 

Disadvantages. 

1. The service of an anesthetist skilled 
in intubation is essential. 

2. Instrumentation is required, carrying 
with it the risk of trauma, usually in the 
form of postoperative sore throat. 

3. In pharyngeal operations the endo- 
tracheal tube occasionally may encroach 
on the surgical field. 

Indications. 

1. Operations upon the head and neck, 
with the exception of those involving the 
vocal cords; 

2. Operations in which the type of pa- 
tient, his position on the table, or the 
nature of the surgical procedure may cause 
difficulties in the control of the airway; 

3. Certain thoracic operations when per- 
formed under general anesthesia. 

Contraindications. 

1. Acute mastoiditis (owing to the danger 
of spreading infection in the air passages); 

2. Acute inflammatory disease or new 
growth close to the vocal cords; 

3. Operations for toxic goitre, except 
when the pressure on the trachea causes 
gross respiratory embarassment; 

4. Thoracoplasty. 


EQUIPMENT 


_A direct vision laryngoscope is an essen- 
tial part of the anesthetist’s outfit. Any 
good instrument will suffice, but illumina- 
tion from a self-contained battery is a 
convenience. The slot in the barrel should 
be wide enough to accommodate large 
tubes. This facilitates withdrawal of the 


made of flexible metal tubing, rubber 
covered metal spring coils, gum elastic, or 
mineralized rubber. Rubber is preferable 
to any other material for intranasal in- 
tubation, and for routine work the min- 
eralized variety has much to commend 
it. This material is comparatively in- 
nocuous when in contact with mucous 
membranes, combines flexibility with re- 
silience, is easily sterilized and is cheap; 
moreover rubber tubing, being stored in 
coils, has a natural curve which is readily 
adaptable to the course of the air passage 
from the nose or mouth to the glottis. 

Size of Tube. The rubber endotracheal 
tubes are bevelled at the end and are care- 
fully smoothed off with a carborundum 
stone or an emery nail file. Twelve sizes 
are obtainable, and afford a comprehensive 
range for patients of all ages and different 
physiques. Recently the makers have 
moulded these tubes individually instead of 
cutting them from a coil. Sizes 4 (174 inch) 
to 8 (21¢4 inch) are made in two thick- 
nesses; the thick walled tubes are used 
for oral intubation and the thin walled 
variety are passed through the nose. In 
the smaller sizes this differentiation is 
unnecessary. 

Correct Length. A ready measure is 
twice the distance between the lobe of the 
ear and the ala of the nose. It is important 
that the length should be suited to the 
individual. The end of a tube that is too 
short may rest near the glottis without 
passing through it, and may become ob- 
structed from time to time, while a tube 
that is too long may pass into one or other 
bronchus. The latter is most likely to occur 
in children. The calibre of the tube to be 
chosen depends upon the physique of the 
patient rather than on his age. The tube 
selected should be the largest which the 
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larynx will accommodate without injury; 
No. 8 is the most useful for adults, but 
great care is required in the choice of the 


IN, 


Fic. 2. 
Fic. 2. The tube-to-apparatus connections. 


correct size for infants and young children. 
In all cases the tube should be large enough 
to permit free to-and-fro respiration 
through its lumen. 

Care of Tube. It is essential to remem- 
ber that rubber is affected by climate, age, 
use, disuse and abuse. Therefore the 
anesthetist must be sure that the tubes 
are in good condition. If they have been 
unused for a time they tend to become 
hard, but kneading and gentle heat will 
often restore them to condition. Prolonged 
boiling causes the rubber to become soft 
and useless. In no case should the tube be 
boiled for any length of time with a metal 
connection attached to it. Its shape is 
retained best when circular boxes are used 
for storage. 

Since trauma Is the chief disadvantage of 
intubation, it is clear that the keynote of 
success lies in careful attention to details 
of technique. It is practically impossible 
for the anesthetist to be aseptic, but a 
combination of ordinary cleanliness with 
the use of suitable antiseptics compensates 
for this defect. Thus, particular attention 
should be paid to the state of the tubes, 
both inside and out. When the responsi- 
bility rests with a nurse it is not unusual 
to find the inside of the tube neglected. The 
small brushes used for bronchoscopes are 
useful for cleaning purposes. The tubes 
should be boiled for two minutes before 
use and immersed in 1:1000 biniodide of 
mercury until they are required. They 
should then be carefully lubricated with 
sterile soft paraffin. 

Metal Connections. When it is intended, 
as is usually the case, to connect the tube 
to an anesthetic machine, a set of angular 
metal connections are required. (Fig. 2.) 
The wide angled type is chosen for oral 
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intubation, in which case the anesthetic 
apparatus is at one side of the operating 
table. The acute angled connections are 
intended for use when the tube is passed 
through the nose and the anesthetic ap- 
paratus Is placed at the head of the table. 


TECHNIQUE OF INTUBATION 


. Preliminary cocainization of the up- 
™ air passages has proved advantageous 
in the writer’s experience. This is accom- 
plished by means of a small quantity of 
20 per cent solution with a few drops of 
adrephine added, delivered from a fine 
spray. The advantages of cocainization are 
that (a) intubation can be done without 
recourse to deep anesthesia; (b) in nasal 
intubation maximum patency of the pas- 
sage Is assured, and (c) the tube is tolerated 
without any coughing under light anes- 
thesia. Cocainization s, however, open 
to objection on the gr unds of (a) toxicity, 
although in the write. s experience no cause 
for anxiety has arisen, and (b) abolition of 
the cough reflex. This is protective and 
in its absence there is danger unless positive 
endotracheal pressure exists, or unless suit- 
able packing or a Guedal-Waters inflatable 
cuff is used. In cases of regurgitant vomit- 
ing a stomach tube should be passed at 
the same time. 

2. Protection of mucous membranes. 
Preliminary medication and dry anesthetic 
gases tend to dessicate the mucous mem- 
branes and render them more liable to 
injury by the laryngoscope, the throat 
packs or endotracheal tubes. This can be 
largely prevented by lubrication with 
sterile liquid paraffin, which also facilitates 
the introduction of the tube, especially 
when the nasal route is chosen. When using 
the laryngoscope the teeth should be pro- 
tected by a piece of adhesive plaster. 

3. Position of the patient’s head. This 
is of the greatest importance, the correct 
position being the same whether intubation 
is done through the nose or through the 
mouth. Hyperextension, as for bronchos- 
copy, is not only unnecessary in most cases, 
but actually increases the difficulties of 
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intubation. The head should have the same 
relationship to the neck and trunk in the 
recumbent as in the erect position, and a 
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may be carried out under light anesthesia* 
without muscular relaxation, and there 
is no risk of damage to the teeth or to 


Fic. 3. Modified Guedel-Waters apparatus with endotracheal suction 
catheter. 


pillow may therefore have to be placed 
below the occiput. The correct position on 
the table is that in which the cervical 
vertebras are in normal relationships to 
the dorsal and are not extended. The head 
itself is slightly extended on the atlas, so 
that the mandible is approximately at right 
angles to the table. When he wishes to sniff 
the air a man in the normal erect posture 
instinctively and unconsciously takes this 
attitude, throwing his chin slightly up- 
wards, and leaves the natural air passage 
from nose to glottis as free as possible. 
When a mesial section is taken through the 
head and neck in this position, it is clear 
that the course of the air passage from 
nostril to glottis is curved. Consequently 
a rubber tube with a similar curve, intro- 
duced through the nose (or a catheter 
mounted on a curved stilette) can be made 
to follow that course quite naturally, and 
in a large percentage of cases will enter the 
glottis in preference to the esophagus. 


NASAL OR ORAL INTUBATION? 


Intubation can be performed either 
through the mouth or through the nose. 
The relative advantages of intranasal in- 
tubation are considerable as compared 
with the oral method. The nasal technique 


growths which would be in danger from 
the laryngoscope which is required for the 
oral method. It is further of great value 
in intra-oral operations, and, being easy 
to perform, is the first choice when no 
contraindications exist. It is not intended 
to enumerate in detail the technique for 
the oral method. For a detailed description 
readers are referred to Chevalier Jack- 
son’s Bronchoscopy, Esphagoscopy and 
Gastroscopy. 


“BLIND (NASAL) INTUBATION,” AUTHOR’S 
TECHNIQUE! 


To be successful with this method free 
nasal breathing should be possible on at 
least one side, and where a difference exists 
the side which is most patent should be 
chosen. This should be ascertained before 
induction. The tube is passed along the 
floor of the nose close to the septum. When 
a point is reached at which the respiratory 
sounds are heard at the maximum intensity 
the tube will then enter the glottis when 
it is pushed onwards during inspiration. 
The administration of a small quantity 
of COz is a useful adjunct at this point as it 


* The special advantage here is that the tonus of the 
jaw muscles actually draws the epiglottis away from the 
posterior pharyngeal wall. 

1See Proc. Roy. Soc. Med., Section of Anaesthetics. 
22:4 (Dec.) 1928. 
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brings about a wide separation of the 
vocal cords. In the case of failure, the 
tube should be rotated to one side or 
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Gauze packing, boiled with soft paraffin, 
may be used to ensure that breathing takes 
place through the tube and not outside of 


Fic. 4. Flexible bronchoscope with inflatable cuff for “ 


one lung” 


anesthesia. 


the other in order to bring the tube into 
the desired position. Occasionally gentle 
manipulation of the larynx with the left 
hand may be required in addition. In some 
instances where the epiglottis is the ob- 
stacle the difficulty can be overcome by 
withdrawing the tube one inch and rotating 
it so that the convexity is anterior. If 
pushed onwards in this position the end 
of the tube will frequently pass behind the 
epiglottis and when it is again rotated into 
the original position the free end will enter 
the larynx. To be sure that the tube is not 
coiled up in the pharynx or in the esoph- 
agus breath sounds should be listened for 
at the outer end. In the event of failure to 
insert the tube properly they will be in- 
audible. In difficult cases it will be neces- 
sary to use a laryngoscope, and so pass the 
tube, grasped in suitable forceps, directly 
into the glottis. 


MAINTENANCE OF ANESTHESIA 


Anesthesia can be maintained on ordi- 
nary inhalation principles and the system 
may be opened or closed. For closed anes- 
thesia the Guedel-Waters inflatable cuff is 
invaluable, but cannot, of course, be passed 
through the nose without risk of trauma. 
Any efficient gas-oxygen apparatus may 
be used to maintain anesthesia and toapply 
positive pressure should this be desired. 


it. In mouth operations this also prevents 
blood from reaching the trachea. If care- 
fully placed around the tube in the pharynx 
this packing is sufficient for practical pur- 
poses. In operations on the nose the gauze 
keeps the soft palate in apposition to the 
posterior wall of the pharynx. This method 
is more effective than the use of gauze or 
sponges in the post-nasal space, and Is 
less likely to cause discomfort after the 
operation. 


SPECIAL APPLICATION TO THORACIC 
SURGERY 


The writer has already described? some 
features of this procedure. It is obvious 
that during an extensive intrathoracic 


operation, intubation is of the greatest 
importance owing to the danger of laryn- 
geal spasm. Again, abundant secretion in 
the respiratory tract may result in two 
special difficulties; (1) at times secretions 
may almost completely block the air 
passage, and (2) they may spread to an- 
other lobe on the affected side or to the 
opposite lung, resulting in the atelectasis 
or subsequent pneumonia. Lobectomy anc 
pneumonectomy for bronchiectasis present 
a problem which does not arise when the 
operation is undertaken for new growth 


2 Proc. Roy. Soc. Med., 29: 7-16 (April) 1936. 
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and consequently there have been certain 
developments in intubation technique. 
There are three methods of intubation 
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The effective application of any of these 
methods depends on the dexterity of the 
anesthetist and to some extent on the age 


Fic. 5. Combined tracheoscope and anesthetic tube. 


which meet the difficulties mentioned: 

1. A rubber tube is passed in the usual 
manner. A catheter is then introduced into 
the trachea or bronchus on the affected 
side and left in situ, suction being applied 
when necessary. An inflatable cuff can be 
employed on the anesthetic tube and the 
catheter can be passed through the lumen 
of the tube. (Fig. 3.) 

2. The second method requires the pas- 
sage of a tube into the bronchus on the 
sound side, a rubber balloon being inflated 
at the bifurcation of the trachea, Water’s 
technique. The instrument shown in 
Figure 4 is, however, used by the writer 
in the application of Water’s method. A 
stiff inner canula, A, illuminated from a 
battery in the handle is passed into a metal 
tube consisting of a spiral of small bore 
tubing starting at the proximal end with 
a tap and finishing distally inside the in- 
flatable cuff. This tube is covered by a 
close fitting rubber sheath tied securely 
in position with silk in three places. The 
cuff, B, C, is seen in the figure. 

3. The third method entails the use of 
an endotracheal tube for the anesthesia, 
and the insertion into the bronchus on the 
affected side of a suction catheter carrying 
a balloon to close off the main bronchus. 
Reference to the figure (Fig. 5) will show 
that the anesthetic tube, B, held in its 
carrier, A, is used as a tracheoscope for the 
accurate insertion of the balloon-bearing 
catheter into the bronchus. 


and physique of the patient. 

Method 1 may be used with patients 
of any age, but the inflatable cuff is im- 
practicable with very young children. 

Method 2 is particularly suited for 
pneumonectomy. 

Method 3 is preferable for lobectomy, as 
suction can be maintained without inter- 
fering with the anesthesia. The affected 
lung is deflated and easy to handle, the 
small balloon prevents secretion reaching 
the trachea when suction is not being 
applied, and the flexibility of the rubber 
cap allows for movement of the catheter 
in accordance with the movement of the 
bronchus. 

The majority of lobectomies are under- 
taken for lower lobe lesions, but there 
seems no reason why the balloon should 
not be placed distally to the origin of the 
upper lobe bronchus and so protect it and 
allow it to function during the operation. 


I should like to acknowledge my indebted- 
ness to Charles A. King, Ltd., London, for 


the blocks illustrating their instruments. 
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UNDAMENTAL scientific discoveries 

that have paved the way for modern 

developments in the administration 
of inhalation anesthesia are innumerable. 
Servetus! described the lesser circulation 
of the blood nearly three centuries before 
surgical narcosis was realized. Harvey? 
announced the discovery of the circulation 
nearly a century later. In 1667 Hooke? per- 
formed experiments which showed that the 
essential feature of respiration was the 
blood changes in the lungs. Another cen- 
tury passed before Lavoisier‘ described the 
nature of the exchange of gases in the lungs 
and determined that an individual absorbs 
a definite amount of gas per hour depend- 
ing upon his activity and the temperature 
of his environment. Mayon’ gave the first 
account of oxygen a hundred years before 
Spallanzani® called attention to the fact 
that tissues consume oxygen and produce 
carbon dioxide. In 1757 Black’ demon- 
strated that alkaline hydroxides absorb 
carbon dioxide. The inhalation of vapors 
and gases to produce surgical narcosis was 
not a reality until ninety years ago and the 
absorption of carbon dioxide from anes- 
thetic mixtures has been practiced for less 
than a quarter of a century. 

The basic chemical and _ physiological 
principles underlying the development of 
the carbon dioxide absorption technique 
for clinical anesthesia were utilized first 
for animal and human experimentation. 
Late in the eighteenth century Lavoisier 
and Priestley removed carbon dioxide and 
kept animals alive with constant additions 
of oxygen. The advent of submarine con- 
struction focused the attention of American 


investigators on similar experiments. In 
1906 Brindley and Foregger* described ex- 
periments on the regeneration of air for 
submarines. They placed rabbits in a closed 
box with fused sodium peroxide to generate 
oxygen and absorb carbon dioxide. They 
found that in this manner animal life could 
be supported indefinitely. Shortly there- 
after, the experiments were repeated with 
human subjects. The United States Gov- 
ernment commissioned Brown’ to complete 
the study and an experimental cabinet to 
simulate the conditions under investigation 
was constructed at Harvard University. 
Brown! and Foregger found that with the 
oxygen and carbon dioxide controlled, men 
were able to remain in this cabinet for 
many hours without untoward effects. 

It remained for Jackson” to apply these 
facts to anesthesia and in 1915 he published 
a report of his use of the carbon dioxide 
filtration method for anesthetizing labora- 
tory animals. He placed small animals in 
a closed box, added gas until narcosis was 
produced, provided a constant supply of 
oxygen and used caustic soda sticks for 
absorbing carbon dioxide. The animals 
remained anesthetized without further ad- 
ditions of the anesthetic agent. Waters 
observed the work done in Jackson’s 
laboratory and was convinced the prin- 
ciple should be developed clinically since, 
as he stated, “the control of carbon dioxide 
elimination and oxygen intake is an essen- 
tial corollary of all good anesthesia.” !! By 
persistent study, extensive clinical investi- 
gation, careful laboratory experimenta- 
tion, development and improvement ot 
appliances during the past twenty years, 


* From the Department of Anesthesia, Division of Surgery, New York University College of Medicine. 
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Waters has established the method for 
controlling oxygen and carbon dioxide dur- 
ing the administration of inhalation anes- 
thesia. Today every leading manufacturer 
of anesthesia appliances offers equipment 
for employing complete rebreathing and 
the absorption of carbon dioxide from anes- 
thetic mixtures. The majority of physician 
anesthetists agree that there are definite 
advantages with the method and clinical 
anesthesia has made more progress since 
the inception of the technique than in any 
other period of like duration. 

The revolutionary idea of complete re- 
breathing during the administration of 
inhalation anesthesia was not immediately 
accepted by the profession. The theoretical 
belief was current that expired air con- 
tained some poisonous volatile matter 
which had been termed “anthropotoxin.” 
Many scientists including Haldane,'? Yan- 
dell Henderson and Hill gave evidence 
against the theory. Lee,!* as chairman of 
the New York Commission on Ventilation, 
finally disproved conclusively the presence 
of any such toxin. The role of carbon di- 
oxide in respiration at the same time was 
being advanced rapidly by Haldane and 
Yandell Henderson. Gatch" in 1g10, had 
applied their conclusion to rebreathing 
during anesthesia and designed an appara- 
tus to utilize carbon dioxide. He main- 
tained that excess carbon dioxide offered 
certain definite advantages over the com- 
monly employed open techniques. The 
Boothby-Cotton® apparatus perfected 
about the same time favored the same 
principles. In 1915 there was no available 
apparatus that permitted a visible flow of 
gases with the essential accurate calibra- 
tion to allow any desired rate of flow and 
no safe and efficient absorbing agent had 
been produced. 

The demand for security against the 
effects of poisonous war gases resulted in 
the production of a practical carbon dioxide 
absorbing material. Wilson," after experi- 
ments conducted for the United States 
Government adopted ‘“Soda-Lime” for 
army purposes. This mixture of calcium 


and sodium hydrate had originated with 
Benedict” during nutritional experiments 
at the Carnegie Institute in Boston. Soda 
lime does not deliquesce on exposure to air 
and the chemical reaction with carbon 
dioxide produces no excessive tempera- 
tures. Extensive clinical observation and 
experiments have demonstrated the ab- 
sence of any ill effects upon respiratory or 
other sensitive membranes and this has not 
been disproved conclusively in the labora- 
tory. Although soda lime has proved efli- 
cient, it is readily agreed that there is need 
for improvement. An absorbing agent with 
less bulk, decreased generation of heat, 
absence of carbonate dust, and more capac- 
ity for absorbing carbon dioxide is desired. 

Securing an apparatus suitable for the 
technique presented mechanical difficulties. 
In his early experiments Waters used the 
Gwathmey-Woolsey machine furnished by 
the Foregger Company but the absence of 
a fine control of the oxygen flow precluded 
successful results. It was not until 1922, 
that the same company furnished the 
original metric appliance with two water 
flow meters, one for nitrous oxide and the 
other for oxygen. In Germany, Driger, in 
Liibeck, had used the ‘‘Kali-Patrone”’ or 
potash cartridge in rescue helmets before 
the war and for gas masks during the war. 
Shortly afterwards, he manufactured an 
anesthesia appliance employing this car- 
tridge but its construction was such that 
the resistance to respiration precluded 
complete rebreathing. It was necessary to 
maintain a constant flow of the anesthetic 
gas as well as oxygen. Mechanical improve- 
ments have resulted from the past fifteen 
years experiments and today accurate and 
convenient flow meters for all the gases 
employed are assembled in compact units. 

The construction of the closed respira- 
tory system has followed two different lines 
of investigation. Waters first tried to adopt 
the principle of construction used in equip- 
ment for determining basal metabolism. 
This employed a circle device with one tube 
to carry the expired atmosphere to the 
absorber and another to return the carbon 
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dioxide deleted anesthetic mixture. He 
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respiratory tract consisting of alveoli, 


abandoned the circle absorber because of bronchi, trachea, larynx, pharynx, mouth, 


the difficulty in eliminating leaks, the 
REBREATHING Bac 


nose and accessory sinuses to include a 


FACE MASK 


Fic. 1. Diagrammatic drawing of respiratory tract enlarged by anesthetic mask in airtight 
contact with face and the soda lime absorber and breathing bag. 


resistance to respiration by forcing the 
atmosphere through tubing and one way 
valves and his reluctance to use any fan 
or pump to maintain circulation in the 
device without effort to the patient. Waters 
then devised the direct to and fro absorber 
which, as now used, consists of a cylindrical 
container for the absorbing agent. This 
canister is of proper dimensions that when 
filled with the correct size granules of soda 
lime, breathing through it may be accom- 
plished without appreciable resistance. It is 
adjusted between the face mask and a small 
(5 liter) rebreathing bag by easily con- 
nected and leak proof metal slip joints. A 
hose nipple is provided on the face mask 
to introduce the anesthetic agent and 
oxygen from the machine. 

In applying the principles of carbon 
dioxide absorption from anesthetic mix- 
tures to practical operating room anes- 
thesia, one merely enlarges the normal 


face mask, the canister for soda lime and 
a rebreathing bag; Figure 1 represents dia- 
grammatically this enlarged respiratory 
tract. One needs, then, to make such an 
enlarged tract airtight, fill it with an anes- 
thetic mixture suitable to produce the 
degree of narcosis desired for the patient, 
and provide a constant addition of oxygen 
just sufficient to adequately meet the 
metabolic requirements of the individual. 
It is claimed theoretically, that narcosis 
may then be indefinitely continued without 
further addition of the anesthetic ageni 
since no change will take place in the con- 
centration of the anesthetic gas or vapor 
once equilibrium with the blood is estab- 
lished. Practically, such ideal conditions 
are not always obtained. 

Adjustments in the degree of narcosis 
desired for different operating conditions 
must be made with any technique. In 
protracted cases one seldom wishes to 
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maintain the same depth of anesthesia 
throughout the procedure. Frequent ob- 
servations have made anesthetists cogni- 
zant of the fact that one-quarter hour of 
deep third plane anesthesia with complete 
muscular relaxation will do the patient 
more harm than two hours of second plane 
anesthesia. It is also true that an appre- 
ciable amount of the agent will be lost from 
the system. This varies with the drug used 
but in each instance there is a loss from 
the rubber breathing bag, from the skin 
surfaces and more especially from the 
operating wound. The amount of agent 
dissolved in the blood that is spilled is 
lost and there is a constant deletion directly 
from exposed tissues. Moreover, the satura- 
tion of blood by the anesthetic drug will 
take place rapidly and uniformly but 
saturation of the different tissues is not 
complete during the lengthiest operation. 
In ether anesthesia for example, Haggard" 
has shown that this rapidity of tissue dis- 
tribution is proportional to the blood sup- 
ply of the tissue. Saturation is rapid in 
the brain where the blood supply is great, 
but in fats where the blood supply is small 
the saturation is slow. It also follows that 
the metabolic requirements, or the tissue 
oxygen needs, are not absolutely constant 
during the different stages of narcosis and 
the oxygen flow once established may need 
be changed to prevent dilution or over- 
saturation of the anesthetic mixture. Such 
adjustments that need be made will depend 
upon the reflex obtundation necessary for 
the individual surgeon and must be indi- 
vidualized for each manipulation and every 
patient. 

The employment of a completely closed 
system for protracted inhalation anesthesia 
introduced features not common with other 
techniques. (1) The patient breathes an 
atmosphere warmed with the heat gen- 
erated by the chemical reaction between 
carbon dioxide and the alkaline soda lime; 
(2) this atmosphere is saturated with water 
vapor from his own exhalations; (3) the 
carbon dioxide and oxygen content of this 
atmosphere is accurately controllable by 


the anesthetist. It is upon these features 
and the advantages of convenience, im- 
proved surgical conditions, safety and 
economy that the merits of the method 
rest. 

The aim of clinical anesthesia is to ob- 
tain obtundation of the patient’s reflex 
irritability with minimal physiological dis- 
turbances. When attempting to achieve 
this ideal by inhalation methods one is 
constantly confronted with unphysiological 
disturbances of respiration. The control 
of normal respiration is accomplished by a 
normal functioning respiratory center, as- 
sisted by natural muscular activity and 
unhampered by obstructed airways. The 
anesthetist will, of necessity, invariably 
alter one or more of these regulating fac- 
tors. Not the least disturbing is the attempt 
to maintain the respiratory center as it 
prevails in nature. This center is regulated 
by nervous stimuli from various sensory 
nerves of the body and more particularly, 
by the hydrogen ion concentration of the 
blood. This is represented by the ratio of 
carbonic acid (H2CO;) and sodium acid 
carbonate (NaHCO; ) or in the final analy- 
sis, the carbon dioxide content. The rate 
and depth of respirations are markedly 
changed by even slight variations of carbon 
dioxide. Increasing the carbon dioxide ten- 
sion stimulates respirations and produces 
hyperpnea, while decreasing it slows respira~ 
tion and produces apnea. It has been 
determined’ that the stimulating effects 
are evident until concentrations in the 
inspired atmosphere of 30 per cent carbon 
dioxide are reached. These figures, how- 
ever, are based upon normal individuals in 
a normal environment. In surgery, we do 
not usually have normal subjects. Rather, 
due to existing disease, the presence of 
hypnotic drugs and the changed environ- 
ment, abnormalities are the rule. In the 
latter circumstance, the figures are ex- 
tremely variable. Any increase in carbon 
dioxide inhaled may, under certain condi- 
tions, act as a respiratory depressant. The 
adjustments of oxygen, in addition to the 
regulation of carbon dioxide, so that 
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the nervous cells of the respiratory cen- 
ter may secure the considerable amount 
needed to satisfy their metabolic needs, is 
essential. Moreover, a reduction of the 
normal blood oxygen content produces 
rapid breathing and decreased carbon 
dioxide, apnea and finally failure of the 
respiratory center. This effect is likewise 
extremely variable and depends also upon 
the condition of the patient. A slight lack 
of oxygen may depress or a slight increase 
may stimulate the respiratory center of 
abnormal individuals. From the foregoing, 
it seems an obvious deduction that an 
accurate control of carbon dioxide elimina- 
tion and oxygen intake is essential to in- 
halation anesthesia. 

The carbon dioxide content of air is 
negligible, seldom exceeding .04 per cent. In 
normal individuals in normal atmospheres, 
the pulmonary alveolar concentration of 
carbon dioxide is 5 to 5.5 per cent and 
that of the expired air approximately 4 per 
cent. Haldane” has shown that increasing 
these percentages, even in normal subjects, 
has marked results. Continuous breathing 
of an atmosphere containing one per cent 
carbon dioxide will incapacitate men for 
work and 6 per cent will usually give 
subjective symptoms of malaise, headache, 
nausea and may even cause unconscious- 
ness. Brown® found that the majority of 
men working in submarines were com- 
pletely incapacitated when 6 per cent 
carbon dioxide concentrations of the in- 
spired air were reached. He regarded it as 
the critical point. Granting that these 
results are obtained in normal individuals 
it must be evident that certain surgical 
patients might suffer more serious effects. 
The employment of the closed carbon 
dioxide absorption technique obviates such 
consequences. It is established that, while 
using the method the concentration of 
carbon dioxide in the inhaled atmosphere 
varies little from that of unanesthetized 
normal individuals. Active soda lime will 
absorb all the carbon dioxide in contact 
with it, but in the system a dead space 
exists in the pharynx, mouth and face mask 
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(approximately 350 c.c. for adults) that 
retains carbon dioxide to maintain a 
normal physiological balance. Repeated 
analyses*! have established an average 
concentration of carbon dioxide at the 
pharynx of 3.5 to 6 per cent, at the lips 
2.5 to 4 per cent, and in the rebreathing 
bag o to .02 per cent during anesthesia 
using the technique. 

With a completely closed system for 
anesthesia, the water vapor contained in 
each expiration is retained in the enlarged 
respiratory tract. The atmosphere will soon 
be completely saturated with moisture. 
The cooling effects of the air surrounding 
the breathing bag during a long narcosis 
will result in some condensation in the 
bag. Although the optimum humidity of 
respired anesthetic mixtures is not scientif- 
ically determined, one needs only recall 
the fact that dehydration has long been an 
accompaniment to protracted inhalation 
anesthesia and to note its absence with the 
closed system to conclude the advantage of 
the latter. Moreover, with open techniques 
the patient expands no small amount of 
energy in moistening anesthetic vapors. 
This has been reduced to calories by Con- 
nell?? who estimates a saving of some 150 
to 200 small calories per minute when 
breathing moistened anesthetic vapors. 
The high humidity has a practical effect 
in reducing the fire and explosion hazard 
of anesthetic agents. Explosions are initi- 
ated from outside the anesthetic apparatus 
and start at an outlet of the explosive 
mixture. The closed system has no outlet. 
Static sparks may be produced only in an 
atmosphere of less than 54 per cent humid- 
ity. With the closed system the atmosphere 
is 100 per cent humid. 

With the entirely closed system the 
temperature of the atmosphere inspired is 
increased by the heat generated during 
the chemical reaction between the alkali 
and carbon dioxide. With good grades of 
soda lime this temperature has been found 
not to exceed 40°c. at the point of maxi- 
mum reaction,”! an entirely safe tempera- 
ture. It does not follow that the average 
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inspiration of less than 500 c.c. of gases 
warmed to less than 40°c. will produce an 
atmosphere at the alveoli with such a 
temperature. It is unlikely that dilution 
of the four liters of gases in the lungs by 
one-eighth of its volume, in an atmosphere 
of slightly higher temperature, will be an 
imposing factor in disturbing physiological 
heat regulation. Breathing a cold dry at- 
mosphere is known to result in irritation 
of respiratory membranes, to stimulate 
respirations, and tend to decrease body 
temperatures and increase perspiration. 
Although the thermoregulating center may 
be directly effected by the anesthetic ac- 
tion on the hypothalmic area, it is quite 
possible that breathing a warm atmosphere 
may eliminate some sensory impulses to 
that area. It is a consistent clinical observa- 
tion that while using the carbon dioxide 
absorption method, there is a tendency 
toward a rise in body temperature and the 
regulation of body heat by perspiration 
is not a common occurrence. Moreover, the 
patient’s energy ordinarily needed to warm 
anesthetic vapors is conserved and a satis- 
factory heating device to assist the volatil- 
ization of ether without danger of oxidation 
or increasing the fire hazard is provided. 

Advantages in addition to the physiolog- 
ical control of carbon dioxide and oxygen 
as well as temperature and humidity, have 
often been cited for the complete rebreath- 
ing of anesthetic mixtures. The absence of 
increased muscular activity incident to 
hyperactive respirations has added con- 
venience to surgical manipulations within 
the abdomen and decreased the possibility 
of activating latent lung pathology. The 
fire and explosion hazards are greatly 
minimized. The surgical team may work 
in an atmosphere free from obnoxious or 
toxic anesthetic gases. An enormous econ- 
omy is effected. The anesthetist is provided 
with a convenient technique that is not 
laborious and readily permits frequent and 
essential observations of the patient, his 
blood pressure, pulse and muscular reac- 
tions, which are so essential in proper 
management of the case. 


To use the technique successfully, one 
needs have a clear appreciation of the 
physiological symptoms accompanying 
oxygen deprivation, carbon dioxide excess 
or depletion, and overdose of the agent in 
use. He must be aware of asphyxia with 
or without retention of carbon dioxide, 
with or without increased respiratory 
movements and, particularly, with or with- 
out cyanosis. Too often the anesthetist may 
become indifferent to the basic principles 
of the technique. The absorption unit may 
be omitted from the system until excessive 
carbon dioxide permits rapid etherization 
and surgical anesthesia is more quickly 
obtained or extremely high concentrations 
of carbon dioxide may be unwisely used 
to simplify tracheal intubation. These sav- 
ings of the very few minutes time to the 
anesthetist and surgeon are not rarely won 
at the patient’s expense. The contribution 
of carbon dioxide absorption, from anes- 
thetic mixtures and complete rebreathing, 
represents a real advance in the efforts to 
administer inhalation anesthesia without 
physiological disturbances but it offers no 
substitute for lack of knowledge, experi- 
ence and skill of the person using it. 


SUMMARY 


Like most revolutionary innovations and 
discoveries in the art and practice of medi- 
cine, the absorption of carbon dioxide from 
anesthetic mixtures was not first used by 
accident nor was it the creation of one 
individual. It resulted from the intelligent 
application of accumulated knowledge of 
anesthetics and their administration. D. E. 
Jackson applied the principles of complete 
rebreathing of anesthetic mixtures to 
laboratory experiments; Ralph M. Waters 
established the method in clinical anes- 
thesia. 

The absorption of carbon dioxide from 
anesthetic mixtures introduces desirable 
improvements in inhalation anesthesia. 
Accurate, convenient and safe appliances 
have been constructed. Anesthetic mix- 
tures may be completely rebreathed. The 
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respired atmosphere is warmed and satu- 
rated with water vapor. The physiological 
control of carbon dioxide and oxygen ten- 
sions, essential during inhalation narcosis, 
may be accomplished by the anesthetist. 
The fire and explosion hazard is minimized. 
Obnoxious and toxic anesthetic gases and 
vapors are removed from the atmosphere 
breathed by the surgical team. A definite 
economy is effected. A convenient tech- 
nique that improves surgical conditions is 
available. The technique to be employed 
satisfactorily requires clinical judgment as 
well as technical ability. 
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INHALATION ANALGESICS IN OBSTETRICS 
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Anesthetist, Touro Infirmary and Southern Baptist Hospital 


NEW ORLEANS, LA. 


HERE are at the disposal of the 

anesthetist who wishes to alleviate 

the pains of the parturient woman, 
several inhalation agents capable, when 
properly administered, of relieving the 
pains, either completely or to a large ex- 
tent, without appreciably slowing the 
progress of labor. 

By the term analgesia, in this paper, we 
mean that stage of anesthesia just before 
consciousness is lost but in which the pains 
associated with uterine contractions are 
dulled or abrogated entirely. Hearing, 
while present, is not always perfect. Often 
there is a blissful feeling with a numbness 
over the entire body. The patient will 
sometimes say that she feels funny. Some 
will lie perfectly quiet between pains; 
others will toss about. Often there will be 
an expression of gratitude. This stage, if it 
may be called a stage of anesthesia, is 
quite narrow and requires experience and 
skill to secure and to maintain with fair 
uniformity. To be satisfactory, suffering 
should be relieved and the progress of labor 
not appreciably slowed. 

Inhalation anesthetic agents, when ad- 
ministered for this purpose, are called 
analgesics. They are of two classes, (1) those 
normally liquid and not bulky, and (2) those 
normally gaseous, coming to us in more or 
less bulky containers. Of the former, there 
are two in common use, ether and chloro- 
form; of the latter there are three that are 
well known, and two in common use. The 
ones in common use as analgesics are 
nitrous oxide and ethylene. The third, 
cyclopropane, has not as yet been used to 
any great extent in obstetrics. Vinethene 
is left off the list because Bourne’s experi- 
ence led him to say that it was almost 
impossible for him to secure analgesia with 
It. 


Choosing the analgesic for any given 
case is both positive and negative. The 
choice is influenced by available agents 
at the time; by knowledge of how to use 
them and what to expect from them; by 
climatic conditions; by proper apparatus 
at hand; by the condition of the patient; 
by the opinion of the obstetrician; and by 
the presence of a skilled anesthetist. 

The lone practitioner will certainly not 
be expected to have at hand in his ob- 
stetrical kit an assortment of gaseous 
agents, an expensive gas machine, and a 
professional anesthetist. He will probably 
be his own anesthetist, his own nurse, his 
own obstetrician, and his own supervisor. 
His anesthetic equipment must be of the 
simplest, and his agents at hand will usu- 
ally be ether and chloroform. His equip- 
ment will probably be a mask and a drop 
bottle or drop can. The question is how 
can he get the most effective and safest 
action from his equipment. 

Here is a suggestion for the choice of 
his mask: have one with a chimney, which 
can be bought or it can be made from his 
present mask by fastening upright wires 
about four or five inches long to the ring 
that holds the gauze in place. These should 
be firmly soldered in place, and should be 
of the type of wire that is tough and will 
not bend easily, and that will not rust. 
Another ring of wire, similar in size and 
shape to the one that holds the gauze to 
the mask, connects the uprights at the 
top. A towel can be pinned around these 
uprights, thus forming a chimney, or a 
piece of old inner tube can be used for the 
same purpose. Gauze packed lightly in 
this chimney will hold the desired amount 
of chloroform or ether to be used for that 
particular pain. This prevents the possible 
burning of the patient’s eyes or face with 
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the agent, and promotes quick evaporation 
and faster action. Since in this way most 
of the anesthetic will be used by the pa- 
tient, there being very little waste, care 
is necessary not to put too much on the 
gauze. If using chloroform, it is much 
better to drop it on the mask than to pour 
it on. The agent is not safe and the boiling 
point high. All of it may not be evaporated 
at each use, so a considerable amount 
might accumulate on the gauze and more 
taken by the patient than desired or 
intended. 

When it becomes necessary to go from 
analgesia to anesthesia, and some relative 
or similar emergency pick-up has to handle 
the mask and anesthetic agent while the 
obstetrician’s attention is necessarily di- 
verted, if chloroform has been used for 
analgesia, it is far safer for a switch to be 
made to ether, as the margin of safety is 
much greater. 

This arrangement is not ideal, but this 
obstetrician (and he is numerous) is not 
working under ideal surroundings. 

When used as interrupted analgesics 
both ether and chloroform have a hang- 
over which is suflicient to relieve consider- 
ably the continuous backache between 
pains, when they are close together. 

With the mask described, 2 or 3 c.c. of 
ether will suffice to give a fair analgesia, but 
it must be given at the first indication of 
approaching uterine contraction as _ its 
action is not as fast as that of the gases. 

Chloroform always does damage to the 
liver and kidneys; it is a matter of degree 
and not of kind. But probably normal 
patients who receive it for analgesia only, 
rarely suffer irreparable damage. Ether is 
safer for these patients, and, while not 
quite as efficient as an algesic, should, of 
the two, be the agent of choice. 

Where necessary apparatus, agents, and 
help are available some one of the three 
gases mentioned should be the choice. 

In order of use over the country for this 
purpose, probably they would be nitrous 
oxide, ethylene and cyclopropane, while 
in their order of efficiency as analgesics the 
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arrangement will probably be reversed. 
However, there are angles to be considered 
in connection with each gas that might 
influence the decision of which to use. 

In some localities the matter of whether 
the gas is explosive or not is of great im- 
portance. This is specially true where the 
normal humidity is low, or where it is 
low because of low temperature. Static 
abounds where it is cold and dry, and a 
static spark is very common. Under proper 
conditions this spark is sufficient to ignite 
the gas and cause loss of life or great dam- 
age. So when this has not been thoroughly 
guarded against either by raising the 
humidity, which is the most efficient and 
cheapest way to cut down this hazard and 
least subject to error in technique; or by 
thorough grounding, which is more or less 
complicated and more subject to error in 
technique, it Is wise to choose the non- 
explosive gas, nitrous oxide. 

The apparatus used will influence the 
choice. If an interrupted flow, automat- 
ic cut-off machine is used, like the old 
McKesson, it is not practical to choose 
cyclopropane; the expense would prohibit 
it. Either nitrous oxide or ethylene would 
be the choice because they are at present 
much cheaper. Yet where interrupted 
analgesia is desired with nitrous oxide or 
ethylene, such a machine is preferable, in 
our opinion. When the desired and required 
mixture of oxygen and nitrous oxide, or 
etheylene, is found for that patient, it is 
easier to secure such uniform percentage 
with the interrupted flow machine than 
with the continuous flow type where the 
mixture of gases is trapped in a bag, sub- 
ject to marked dilution with the air in the 
lungs when inhalation is begun at each 
pain. Even with cyclopropane, where the 
percentage required to give analgesia is 
ordinarily low, the percentage in the bag 
must be kept high to be satisfactory, and 
fair uniformity of percentage from pain to 
pain by this technique is not easy to main- 
tain. This is true even with a hand cut-off 
in the head of the mask, like in the Heid- 
brink or Foregger machines. With this type 
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of machine good interrupted analgesia can 
be secured with C;H, however, and that 
was the technique followed by Wesley 
Bourne and Ralph Knight in their first 
reports on the use of cyclopropane in 
obstetrics. 

The physical condition of the patient 
will influence the choice of the agent. It 
is not wise to suboxygenate a diabetic. 
Ethylene or cyclopropane would be the 
choice in such cases, preferably the latter. 
Toxic cases do better with a high percent- 
age of oxygen also. 

It also influences the technique. Over- 
exercising a tubercular lung, active or 
dormant, would be bad and should never be 
practiced. 

Great care both in technique of adminis- 
tration and coaching of the patient should 
be exercised in heart cases, so as to reduce 
to a minimum the tax associated with 
bearing down. 

Inhalation analgesia may be begun after 
three fingers dilatation when pains are good, 
but when begun this early it is often quite 


protracted. From an economic standpoint 
it is better to wait to near complete dilata- 


tion, depending on barbiturates, paral- 
dehyde, and scopolamine, in combination 
with morphine, pantopon, dialudid, or 
heroin, (when it can be had), to secure 
analgesia in the first stage. However, if 
deemed wise by the obstetrician and anes- 
thetist in a certain case to start gas this 
early, no harm will result to mother or 
child. Analgesia is started earlier in multi- 
paras than in primiparas. 

Inhalation analgesia may be of two 
types, interrupted and continuous. 

As stated, interrupted analgesia is best 
secured with nitrous oxide and ethylene 
with the interrupted automatic cut-off type 
of machine. The reason for this is that the 
percentage of these gases for quick anal- 
gesia must be fairly high in the lungs at 
the time the breath is held when the patient 
bears down after full dilatation. The tech- 
nique is simple. Explain carefully to the 
patient what to do and how to do it. If 
she is not under the influence of drugs such 
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as are mentioned, good cooperation can 
often be secured and an analgesia rendered 
much easier. With ethylene the dial on 
the mixing chamber is set at 75 ethylene, 
25 oxygen. When a pain approaches, the 
mask is placed snugly on the face and the 
patient is instructed to breathe deeply, 
then to expel it all, again to breathe deeply, 
again to expel it all, then she is told to 
hold the next breath and bear down (if the 
anesthetist’s other hand tells him the con- 
traction is on). When she forces as long as 
she can (or will), she inhales again and is 
told to hold that breath and bear down as 
before. This is repeated until the contrac- 
tion begins to fade. When the pains are 
long, extending through more than two 
long periods of breath holding and bearing 
down, it might be found necessary to raise 


‘ the percentage of oxygen to prevent anes- 


thesia. If she has done well, she is encour- 
aged, if not, she is further instructed, but 
not condemned. The deep inspiration and 
forced expiration are essential to success 
by this method for the reason stated, and 
by deep inspiration and forced expiration, 
without rebreathing, the mixture of gas 
and oxygen in the lungs at the end of the 
third breath approaches that in the mixing 
chamber of the machine, and, when the 
breath is held, sufficient gas is taken into 
the blood and sent over the short route to 
the brain to produce analgesia. The above 
mixture may not be exactly right, but this 
will be determined by the anesthetist after 
the first few pains. When cooperation is 
good and the mixture right, the patient will 
usually let you know. If the mixture is not 
right or there are choppy, short inspira- 
tions and expirations the analgesia will not 
be good. 

The technique with nitrous oxide is the 
same, except that less oxygen is used in 
the mixture. 

You will note that the use of gas by this 
technique is rather extravagant. But with 
these two gases dilution with air is not 
concomitant with best results. 

The technique for interrupted analgesia 
with cyclopropane has been partially de- 
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scribed. A machine with soda lime attach- 
ment for CO, absorption is essential. The 
absorber should be at a distance, as in 
the “circle absorber” type, so as to allow 
the patient freedom of motion of the head. 
There must be a hand cut-off in the head 
of the mask to prevent the loss of gas when 
the mask is removed. 

The bag is about half filled with a 25 per 
cent to 40 per cent mixture of C;H¢ in 
oxygen, the hose being attached, and the 
cut-off in the head of the mask at off. At 
the approach of the pain the mask is ap- 
plied snugly to the face with the valve in 
the head of the mask closed. At the end of 
the first expiration which should be forced, 
if cooperation can be secured, the valve is 
quickly turned on and the patient breathes 
deeply, holding the second, third, or 
fourth breath as found best, and as de- 
scribed in interrupted analgesia. When the 
pain begins to subside the mask is removed, 
after the valve in the mask is turned off 
at the end of expiration. With minor modifi- 
cations this is the technique. It will readily 
be seen that the mixture in the bag and 
hose is different now from what it was at 
the beginning of the pain, having been 
diluted with the air residual in the patient’s 
lungs when the mask was applied. To 
maintain the percentage in the bag to the 
desired level, a little cyclopropane must 
be added, if not after each pain, after every 
second or third. 

By continuous analgesia we mean that 
the mask is applied snugly and strapped on 
comfortably, and the patient allowed to 
breathe an analgesic mixture of the gas and 
oxygen continuously, rebreathing through 
soda lime, and adding a continuous flow of 
oxygen sufficient to meet her metabolic 
requirements just as in anesthesia. 

For this type of analgesia to be satis- 
factory, a comfortable fitting mask and 
retaining strap are essential. The hose 
leading to the soda !ime absorber must be 
long enough to allow the patient to move 
her head without a pull sufficient to annoy 
her or to tilt the mask on the face and 
cause a leak. The hose on the usual circle 
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absorber is long enough for this. Then the 
hose must be light and not easily kinked. 
The soda lime should be active so as to 
prevent all feeling of suffocation on the 
part of the patient. This is essential. The 
absorber must be far enough away to allow 
the rebreathed gas to cool sufficiently to 
be comfortably inspired by the patient. 

Any one of the agents may be used. 

Sword described the technique with 
nitrous oxide and was much pleased with 
the results. Griffith stated that he had 
tried it and liked it also. Others, of course, 
have used it. 

The technique is the same with each 
gas, but the percentage of oxygen varies. 
Ethylene admits a much higher percentage 
of oxygen than nitrous oxide, and is a better 
anesthetic when anesthesia is needed. 
Cyclopropane admits a still higher per- 
centage of oxygen, gives excellent analgesia 
without slowing the pains, and can be 
deepened to excellent anesthesia for episi- 
otomies, forceps delivery, etc., within a 
very short time. It is very flexible, but the 
percentage required to produce analgesia 
may differ but little from that producing 
complete loss of consciousness. We com- 
mence with the bag about half full of 
oxygen to which about 500 c.c. of cyclo- 
propane has been added. The mask is 
applied between pains and strapped on so 
that the patient can tell if it is comfortable. 
She is told that it will not be removed and 
that her contractions will continue but 
that there will be no pain. The valve in 
the head of the mask is now turned on at 
the end of expiration. When pains come on 
she is told to bear down, if such is desired. 
It may be necessary to add some cyclopro- 
pane, which will be determined after the 
first few contractions, although the op- 
posite may be true. Oxygen is added to 
lower the percentage if necessary. As 
stated, a continuous flow of oxygen sufli- 
cient to meet the metabolic requirements, 
is maintained. 

The advantage of continuous analgesia 
is that after securing the proper analgesic 
dose, there is uniform maintenance; the 
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backache between pains is done away with; 
the danger of explosion is at a minimum; 
one type of machine can be used for all 
the gases; actual cost of material is re- 
duced to a minimum. 

When the head has reached the point on 
the perineum where it does not recede 
between pains, we deepen the stage to light 
anesthesia, if all is well. If labor is too 
rapid, we deepen the anesthesia and slow 
the labor to lower the incidence of lacera- 
tions. The technique here varies with the 
varied opinions of the obstetricians. 

At this stage we usually accumulate 
some carbon dioxide in the mixture being 
breathed by the patient, because of its 
influence on the uterine contractions after 
the baby is born. But in breech cases we 
do not accumulate CO, until after the 


delivery. This also holds good for versions - 


of course. 

Since the excellence of the anesthesia 
that can be obtained with C;H, has been 
mentioned, a word should be added con- 
cerning anesthesia for versions. It will 
be found safer for the baby and the mother 
and easier for the obstetrician if deep 
anesthesia is secured before attempt at 
version by the operator. By deep anes- 
thesia I mean profound, where the uterus 
is relaxed. To secure this, ether or chloro- 
form is required, and oxygen should be 
administered with them in excess. In other 
words, if these agents are added to the 
gas used, as anesthesia deepens, excess of 


O, should be added. The added danger of 
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such profound anesthesia is more than 
compensated by the reduced shock of the 
intra-uterine manipulation, and the low- 
ered infant mortality. 


SUMMARY 


1. The pains associated with the first 
stage of labor are probably more practically 
controlled in other ways than by the use 
of inhalation agents. 

2. In the second stage inhalation anal- 
gesia works more satisfactorily, and is 
better controlled. 

3. While any of the anesthetic agents in 
general use may produce analgesia, the 
gases, nitrous oxide, ethylene and cyclo- 
propane, are safer and more flexible than 
ether or chloroform. 

4. Ethylene and cyclopropane will pro- 
duce better analgesia than nitrous oxide. 

5. With skilled anesthetists available, 
continuous analgesia is very practical, and 
the consumption of the anesthetic agent is 
reduced to a minimum. 

6. The functions of the anesthetist in a 
labor case are many. He must keep up the 
morale of the patient; produce real anal- 
gesia and not a mere camouflage; cause her 
to work when work is indicated, and to 
slow down when that is deemed best; 
be ready and able to produce any stage of 
anesthesia necessary in the safest known 
way. Last, but not least, keep up with all 
that is known about infant resuscitation 
and be prepared to execute it. 


ANESTHESIA IN CHILDREN 


C. H. Rosson, M.D., C.M. 


Anesthetist-in-Chief to the Hospital for Sick Children, and the Hospital for Consumptives; Clinical Demonstrator 
in Anesthesia, University of Toronto 


TORONTO, ONTARIO 


HE administration of agents for the 

establishment of anesthesia in infants 

and in children to the age of fourteen, 
presents some aspects which differ from 
the methods employed in adults, and in 
this article are presented the results of 
our experience in the Hospital for Sick 
Children. 

In the case of these little ones, we are 
dealing with organisms which tolerate, and, 
indeed, require relatively larger doses of 
anesthetic agents, sedatives and hypnotics 
than do adults. This is to be attributed to 
their higher metabolic rate, which ap- 
proaches that of the hyperthyroidic adult. 
This statement does not imply that general 
anesthetics may be administered with a 
lavish hand without danger. On the con- 
trary, the margin between safety and 
danger may be narrow and it is here that 
experience in caring for children under- 
going and during anesthesia plays such an 
important part in their safety and comfort. 

The word “comfort” has a world of 
meaning for these little ones. How often 
have we had children brought to the anes- 
thetic room by fond parents who have 
deceived them as to what is about to take 
place. It is no wonder that, expecting “‘the 
doctor to look at the throat,” they should 
resist when held down on the table, a mask 
placed over the face and a strange smelling 
substance dropped on it. Some of these 
disagreeable experiences are far reaching 
in their effects; often associated with fear 
of falling asleep or with terrors at night. 
A much easier course is experienced by 
the patient and by the anesthetist when 
the various steps leading up to uncon- 
sciousness are explained to an amenable 
child. On the other hand, I do not suggest 
that a child, due for tonsillectomy, should 


be told a week in advance of the contem- 
plated operation, for it is almost beyond 
belief what terrors are sometimes portrayed 
by playmates. Later, we shall deal with 
means of establishing mental comfort. 

Preoperative preparation differs from that 
in the adult in one very important aspect. 
Children are more liable to the postopera- 
tive condition of the so-called acidosis. 
Depletion of the glycogen reserve pre- 
disposes; therefore ether and especially 
chloroform should not be administered to 
one in such a condition. Some years ago 
we had 2 fatal cases in children of about 
twelve years of age. They were in good 
physical condition prior to being anes- 
thetized for simple operations of an elective 
nature. Excessive vomiting with ace- 
tonemia began a few hours afterwards 
and despite all treatment, terminated 
disastrously. 

Immediately we established routine 
measures to insure a carbohydrate reserve 
and a proper alkaline balance. Various 
types of gruels were given prior to opera- 
tion but it was found that digestion was 
delayed due, chiefly, to psychic influences. 
Our routine now is plain sugar or the juice 
of one orange in a glassful of water, sweet- 
ened with a tablespoonful of corn syrup, 
given at least two hours before anesthesia. 
In acute abdominal cases where vomiting 
and loss of fluids have been excessive, a 
preoperative intravenous of glucose 5 per 
cent in saline is given. The volume is esti- 
mated at 15 c.c. per pound of body weight. 
For operations of an elective nature in 
infants the regular feedings are continued 
up to the time of operation which is fixed 
to take place at the time of the next regular 
feeding. I should like to stress the impor- 
tance of this, for the administration of an 
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anesthetic such as ethyl chloride, ether or 
chloroform for even a short period, may 
bring disaster to an improperly prepared 
child. 

At this point it is opportune to deal with 
the cases which have had too much food 
taken too recently. Deaths are recorded 
from asphyxia by inspired food particles, 
following operation. When food has been 
taken shortly before an accident or an 
emergency operation, the anesthetist is 
confronted with the problem of emptying 
the stomach. The effects of injury or of 
the sudden onset of illness on the progress 
of digestion should not be overlooked. 
Normally the stomach should be empty 
after three or four hours, but experience 
has taught us to expect the vomiting of 
large quantities of food as long as six or 
eight hours after ingestion. Mental influ-_ 
ences such as fear and anxiety also exert 
a retarding action on digestion. Obviously 
the dangerous large particles of food will 
not pass up a stomach tube. Apomorphine 
is a depressant and should be avoided. 
Violent vomiting efforts are, in the con- 
scious state, painful to the site of injury 
in many cases. The method we employ is to 
place the patient on one side on the table, 
induce anesthesia with ethyl chloride fol- 
lowed by ether up to the point where the 
swallowing reflex is abolished. The mouth 
is now opened with a gag and after a few 
seconds the pharyngeal reflex returns to 
the point where stimulation with a tongue 
depressor induces vomiting, the stomach 
emptying itself without distressing the 
semiconscious patient. In the case of the 
infant to be operated for pyloric stenosis, 
the fluid content of the stomach is drained 
off through a small stomach tube in the 
conscious state. This step should never be 
neglected for the manipulation of the 
stomach containing fluid will cause the 
contents to pass up the esophagus and 
obstruct the airway. 


PRELIMINARY MEDICATION 


Mental comfort in these little patients 
may be established, induction of anesthesia 
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made smoother and a reduction in the 
amount of the agent used, by the proper 
administration of sedatives and hypnotics. 
Most publications state that “‘Morphia is 
badly tolerated by children and by the 
aged.”’ The statement is true in regard to 
the latter age, but is certainly not true in 
regard to children. Not only does our 
clinical experience teach us that it is not 
true but we find that children require 
relatively larger doses than do adults, to 
obtain the necessary therapeutic effect. 

We have given an eight year old boy 
¥4 gr. of morphine hypodermically in doses 
of 1g gr. at half hourly intervals. This dose 
is cited only as an illustration of the toler- 
ance of children. 

A recent addition to the premedicants 
are the barbiturates and the one employed 
for administration by mouth is nembutal. 
Some children find it difficult to swallow 
the capsule, in which case the powder is 
dissolved in a teaspoonful of water. When 
a gas anesthetic is to be administered the 
routine dosage is, according to age, as 
follows: 


American Journal of Surgery 


Years Nembutal Morphine 
(Hypo) 
4 6 gr. gr. 
6 34 gr. Mio gr. 
8 I gr. lg gr. 
10 I gr. gr. 
12-14 14 gr. 46-4 gr. 


The nembutal is given one hour previous 
to anesthesia and followed in fifteen min- 
utes by the hypodermic injection of mor- 
phine. When the anesthetic is to be ether 
the dosage is dropped back to the next 
younger bracket. The dosage for ether 
anesthesia would be tabulated thus: 


Years Nembutal | Morphine 
(Hypo) 
| 
4 14 gr. M6 
6 gr. gr. 
8 34 gr. | Yio gt. 
10 I gr. | gr. 
12-14 I gr. | gr. 
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In children under four years of age codeine 
is used hypodermically. A two year old 
child is given 14 gr. and a one year old 
lg gr. Under one year no sedatives are 
used. 

Paraldehyde was tried in a series of 
cases but was discontinued because of its 
disagreeable taste and its uncertain ef- 
fect, in favor of the nembutal-morphine 
sequence. 

No atropine is used as it is felt that it 
serves no useful purpose and has many 
disadvantages; the dryness of the mouth 
and throat is very distressing; the loss 
of normal moisture in the alveolar walls 
prevents a free interchange of gases; it 
definitely retards the ciliary activity of the 
respiratory mucosa and many of the rises 
in body temperature (as high as 102°) in 
children are due solely to the effect of 
atropine. So, if a child comes to the operat- 
ing floor with a temperature higher than 
our uppermost limit of 99.2°, we should 
be at a loss as to the cause. Is it an atropine 
effect or the onset of one of the infectious 
diseases of childhood? 

Obviously, the chief reason for the em- 
ployment of atropine is to diminish the 
output of mucus and saliva. In a later 
paragraph we shall state what steps we 
use to prevent the obstruction of the air- 
way by mucus and saliva. 

No morphine is given to children for 
tonsillectomy or for any operation on the 
nose or sinuses since we wish the reflexes 
to return to normal as quickly as possible 
to guard the respiratory tract against the 
entrance of blood. 


ROUTINE ANESTHETIC 


In this hospital the agent mostly used is 
ether by the drop method (open). In al- 
most all cases it is preceded by ethyl 
chloride. I am fully aware that I am open- 
ing up a very controversial subject but I 
am also fully satisfied that ethyl chloride 
is a safe drug when properly employed. It 
has no equal as a preliminary to ether. A 
detailed description of the method may be 
permitted here. 


Robson—Anesthesia in Children 


DECEMBER, 1936 


The child is placed on its side and a 
Yankauer mask covered with ten layers of 
loose meshed gauze is put over the face. 
The stockinette covered mask, so fre- 
quently used, becomes too impervious to 
the free passage of air when moistened 
and is a contributing factor to so many 
bad inductions. The patient is instructed to 
blow out through the lips, making a sound 
that is audible to the anesthetist. This is a 
psychological trick but a very effective 
one. Moreover it is a natural impulse to 
blow away a strange smell. Ethyl chloride 
is dropped on the mask at the rate of one 
drop a second for half a minute, then in- 
creased to two drops a second until the 
child is unconscious and the movements 
felt below the floor of the mouth have 
ceased; or to the point where ether vapor 
in high concentration will be tolerated. 
Ether is now dropped on freely and usually 
anesthesia by this drug is established be- 
fore the effect of the ethyl chloride passes 
off. Should, however, the effect of the ethyl 
chloride lighten before anesthesia by ether 
is established, as shown by coughing, laryn- 
geal stridor, etc., we do not hesitate to 
drop on a few more minims of ethyl chlo- 
ride and so by overlapping the effects of 
the two drugs obtain surgical anesthesia. 
It is the exception for us to have any crying 
or struggling with this sequence, even in 
children who have had no preliminary 
medication. 

I cannot too strongly stress the drop 
method of using ethyl chloride. Beyond 
a doubt, the rapid onset of signs of over- 
dose, as shown by pallor, great depression 
of the circulatory system and respiratory 
arrest, cannot always be avoided if the 
drug is sprayed on the mask. The me- 
chanics of the two methods may be stated 
thus; when dropped on the mask the liquid 
passes into a vapor on the outer layers of 
the gauze and is inhaled with a plentiful 
supply of air. When sprayed on the mask 
the stream is driven through the gauze and 
becomes a gas in the limited confines 
within, with the result that the patient in- 
hales a very high concentration of ethyl 
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lead to 


chloride which may _ quickly 
overdosage. 

No towel or other covering is placed 
around the mask for it is felt that, with a 
free airway and full ventilation, no greater 
concentration than that given off from 
the gauze is necessary. 


POSTURE 


In the last paragraph the importance of é 
free airway was noted. This leads us to 
a reference to atropine. When this drug is 
not used to suppress the outflow of saliva 
and mucus, some means must be employed 
to prevent their entrance into the respira- 
tory tract with subsequent interference 
with free ventilation. We do this by making 
use of gravity. The child is placed on one 
side with the shoulders and pelvis on a 
plane perpendicular to the table. A very 
small pillow is placed under the head. The 
lower cheek now forms a pocket in which 
the fluid secretions collect, and from which 
they are drained by depressing the angle 
of the mouth. This lateral position has 
additional advantages: 

1. It is a normal position for the child to 
assume for sleep. 

2. The tongue falls forward and there is 
no need for the use of a tongue forcep. 

3. Any excess ether drops from the 

lower edge of the mask and so any danger 
of it reaching the eyes is avoided. 
When surgical anesthesia is established the 
patient is placed in any suitable position 
for operation but the head is kept turned 
to the side as far as is possible without 
pressing the larynx against the hypo- 
pharyngeal wall by the transverse tension 
on the neck muscles. 

Several other points in regard to posture 
arise here. Many a patient is figuratively 
and literally “looking toward Heaven” 
when he is lying in an anesthetic state 
with his face directed upward. 

Having taken every precaution to obtain 
and maintain a free airway during anes- 
thesia, many anesthetists miss the impor- 
tance of placing the patient on his side 
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immediately he is transferred to the 
stretcher to be taken to his room. More- 
over he should be put on his side in bed 
and turned from side to side at intervals 
of not more than thirty minutes, as long 
as he is unconscious. 

Many surgeons wonder why their pa- 
tients complain bitterly of pain in the 
lumbar region following operations of some 
length. In fact they may not complain of 
any pain at the site of the wound, so over- 
whelming is the distress in the back. This 
condition is met in adults rather than in 
children. The problem is one of mechanics. 
When the musculature is relaxed under 
anesthesia, the weight of the thighs causes 
the pelvis to pivot on the ischial tuber- 
osities producing a marked lordosis of the 
lumbar vertebras. The prolonged abnormal 


- pressure on the articular surfaces produces 


pain. The placing of two large pillows 
under the patient’s knees, while on the 
operating table, prevents the forward cur- 
vature and thus spares the patient this 
unnecessary pain. 


OTHER AGENTS AND METHODS 


While ether is the chief anesthetic em- 
ployed and usually by the open method, it 
is also used in endotracheal insufflation 
during operations on the eye, sinuses, 
intranasal work, brain operations and 
other procedures on the head and neck. 
Lobectomies are also done under this 
method. 

Chloroform is considered to be too dan- 
gerous a drug and we do not use more than 
two ounces a year and that chiefly as a 
rapid inductive agent preceding ether, in 
cases suffering from bronchiectasis, for the 
passage of a bronchoscope for the removal 
of secretions by suction. 

Nitrous oxide is a very poor anesthetic 
agent for children and its chief use now 
is in the x-ray room. It has been replaced 
by cyclopropane which is giving most ex- 
cellent results. In this drug we have an 
agent which gives full relaxation in abdom- 
inal work with a contraction of the bowel 
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resembling that obtained under spinal 
analgesia. Induction is pleasant and rapid. 
No element of cyanosis is present. Recovery 
is speedy and postoperative vomiting very 
little in excess of that following the use of 
nitrous oxide. 

We have had no cases of laryngeal spasm 
which occasionally happens in adults. 
There have occurred, however, a percent- 
age of cases of sufficient number to warrant 
reporting. These are cases where the laryn- 
geal spasm comes on early in the recovery 
period. Shortly after the removal of the 
facepiece, the child vomits and there is a 
spasmodic closing of the larynx. Cyanosis 
is present, the pupils dilate, the circulation 
is markedly depressed and breathing ef- 
forts cease. This is a result of the effect of 
the cyclopropane, still in the blood stream, 
acting on the centres in the presence of 
anoxemia. 

I have found it necessary on several occa- 
sions to pass a catheter quickly into the 
trachea and, by blowing through it inflate 
the chest, two or three inflations being 
sufficient to start respiration. Recovery 
is rapid and uneventful. Our practice now 
is to insert a mouth gag immediately on 
removing the face mask, turn the patient 
on one side and suction off any vomited 
fluid. No patient should be sent to the 
ward directly upon removal from the table. 
A few minutes spent in tending the early 
vomiting spell which is nearly always 
present, may avoid disaster. 

We are particularly impressed with 
cyclopropane in operations for spinal bone 
grafting for tuberculosis and for the more 
extensive grafting for the correction of 
scoliosis. These procedures are of long 
duration and productive of a great deal 
of surgical shock. Up to a year ago, we used 
ether by endotracheal insufflation, now 
we use cyclopropane, also endotracheally, 
through a soft rubber catheter which fits 
the glottis gas-tightly. These cases have 
shown a very marked lessening in the 
amount of shock, a greatly improved con- 
dition on leaving the table and less post- 
operative reaction. 
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AVERTIN 


Due to the fact that it requires long 
postoperative observation on the part of 
the recovery nurses, it does not lend itself 
well, as a routine agent, to large institu- 
tional work. We use it only where it is 
especially indicated. Children require rela- 
tively larger doses than do adults. Our 
usual dose is 90 to 100 mgms. per kilo as a 
basal. We do not exceed 120 mgms. in any 
case. 


SPINAL ANALGESIA IN CHILDREN 


There is a definite place for this means 
of abolishing pain in children, but it is 
limited. We feel justified in using spinal 
only when some one or other of the general 
anesthetics is not suitable. We believe that 
there is less risk in giving a spinal to a 
child than there is in giving it to an adult; 
nevertheless, we prefer some form of gen- 
eral anesthesia. 

In the case of the child there is distinctly 
less reaction to the effects of the absorption 
of novocaine. Owing to its more elastic and 
reactive circulatory systems, there is not 
seen the same fall in blood pressure as is 
noted in the adult. We have used this 
method in all ages of infants and children; 
from the few-hours-old infant upward, for 
all sorts of operations within the abdomen 
and operations on the skeleton. A series 
of cases of lobectomy was done under spinal 
but this class of case is now given ether by 
the endotracheal method through a cath- 
eter sufficiently large to permit the passage 
of a fine suction tube for the removal of 
secretions. 

The use of spinal is now confined to 
cases: 

1. Where considerable surgical shock is 
anticipated, as in reconstruction operations 
on the hip joint; 

2. Where there is to be extensive intra- 
abdominal manipulation; 

3. Where the patient must be spared the 
general intoxication and the depressive 
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after-effects of a general anesthetic agent. 
At this point I should like to stress two 
“don’ts”’: 

(a) Do not give a spinal to the case 
showing abdominal symptoms of a possible 
appendicitis, where an early pneumonia 
is also suspected; and 

(b) Do not give a spinal to the case 
showing abdominal symptoms and an acute 
infection of the throat is also present. Both 
these cases may have a bacteriemia and 
the injury caused by the needle puncture 
may focus the infection in the spinal canal. 
Use cyclopropane. 

The technique is exactly that commonly 
used in adults. For infants we made our 
own needles by cutting off the proximal 
one inch of a number 22 needle, bevelling 
the end and sharpening it on a razor hone. 
Similar needles of 144 and 114 inches were 
made for larger children. The site of punc- 
ture should be in the space between the 
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third and fourth lumbar spines, for it must 
be remembered that in children the cord 
does not break up into the cauda equina 
at the level of the first lumbar, as in the 
adult, but extends much lower and may be 
damaged by the needle if a puncture is 
attempted higher up. The rate of injection 
is slower than in adults, where I c.c. is 
introduced per second. The timing usually 
used is three seconds per c.c. 

Dosage. For infants for such operations 
as that for pyloric stenosis 20 mgms. are 
dissolved in 1 c.c. of spinal fluid. For older 
children our working rule is to give 10 
mgms. for each year of age for an analgesia 
reaching to the costal margin. Thus an 
eight year old child would be given 
80 mgms. dissolved in 3 c.c. of spinal fluid. 
Ephedrine is used only when the spinal 


-effect is to extend above the umbilicus. 


The preliminary sedative is that used for 
ether anesthesia. 


ETIOLOGY OF MUSCULAR SPASMS DURING GENERAL 
ANESTHESIA 


Epwarp C. RosENow, M.D. AND RALPH M. Tove Lt, m.pD.* 


Division of Experimental Bacteriology, 
The Mayo Foundation 


Section on Anesthesia, 
The Mayo Clinic 


ROCHESTER, MINNESOTA 


N 1880, Humphrey first noted muscular 
activity of a trembling yet rhythmic 
type occurring during the administra- 

tion of ether by inhalation. During the 
years of the World War this manifes- 
tation was reported by several observ- 
ers. !'3-6-9,87.78.79 The condition is known as 
“ether clonus” or “ether rigor”’; it usually 
occurs in the course of induction of anes- 
thesia; the tremor frequently is limited to 
the lower limbs and ceases as anesthesia 
deepens. In 1916, Mytinger reported his 
experiences in anesthetizing 100 patients 
suffering from idiopathic epilepsy. Epilepti- 
form convulsions occurred frequently in 
the stage of induction of anesthesia. In 
1922, Patch reported 2 cases in which 
epileptiform convulsions occurred in the 
course of anesthesia, in only one of which 
was epilepsy known to be a factor. Both 
patients recovered. It is in this group of 
individuals who do not have epilepsy 
that we are particularly interested at this 
time. In 1927 Wilson, anesthetist at Man- 
chester Royal Infirmary, reported 4 cases 
in which “ether” convulsions were fatal 
in 1926. Pinson,*? on the same date, re- 
ported 15 cases in which convulsions 
occurred in the course of general anes- 
thesia, in nine years experience, includ- 
ing 11,000 administrations. Following 
the appearance of these articles, 12 
more cases appeared in the literature 
in 1927, 13,21,23,24,28,34,38,45,48,53,70,84 9 in 
1928, 18, 26,29,46,47,68,77,81 one in 1929,°* 
8 in 1930, in 1931, 
4 in 6 jn 
Q in 1935,2"16-41-5065,73,83.85.88 and one in 


1936.% 


Although there is wide diversity of 
opinion regarding the cause of this com- 
plication there is uniformity in the descrip- 
tion of the syndrome. The patients are 
frequently children or young adults. Many 
are suffering from acute infections asso- 
ciated with pyrexia. Ether is the agent that 
has been most frequently associated with 
the syndrome, although frequently it has 
been administered as a vapor, with oxygen 
or with nitrous oxide and oxygen. Bull 
reported one case in which chloroform 
was used. Respiration is usually rapid and 
is labored to some extent but frequently 
the first untoward sign noted is twitching 
of the muscles of the face, occurring during 
the maintenance of anesthesia. The pupils 
are widely dilated and the globe is fixed 
in position. The twitching spreads to the 
muscles of the neck, shoulders and arms, 
finally to the legs and abdomen. As the 
twitching spreads it becomes more active. 
Finally violent and sustained epileptiform 
convulsions occur, associated with cyanosis 
of varying degree. Administration of oxy- 
gen, even under pressure, often fails to 
alleviate the cyanosis of the extremities. 
Hyperpyrexia develops and some author- 
ities maintain that this sign must be 
present if the untoward reaction is to 
be considered typical. Deepening of the 
anesthesia does not usually relieve the 
condition. Following cessation of admin- 
istration, recovery from anesthesia is 
delayed. Recurrence of convulsions later, 
when the patient is in bed has been noted. 
Death may occur while the patient is in 
the operating room or later from exhaus- 
tion associated with deficient oxygenation. 
The convulsive seizures may disappear but 


* After September 1, 1936, chief anesthetist, Hartford Hospital, Hartford, Connecticut. 
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the patient may fail to regain conscious- 
ness. Death may supervene within three 
to five days with bronchopneumonia as 
the salient feature. Weber reported one 
case in which a child two years of age, 
failed properly to regain consciousness; 
when the patient was seen two years later 
idiocy of the severest grade had developed. 

The factors ascribed as causes of these 
untoward manifestations are numerous and 
the treatment advised varies with the 
author’s conception of the cause. Wilson 
and others!®:?°-?6.74-81.34 were of the opinion 
that the convulsions were toxic in origin 
and that acetaldehyde and peroxides in the 
ether were the offending agents. Gwathmey 
disagreed with this opinion and presented 
some experimental evidence to show that 
lack of adequate preliminary medication 
was a factor. Hornabrook took the position 
that atropine was responsible for the un- 
toward reaction but Sington cited his 
experience at the Hospital for Sick Chil- 
dren, London, where no convulsions had 
been observed during two years when the 
total dosage of atropine for all children 
more than six years of age was }éo grain 
(0.0008 gm.) administered by mouth. 
Dickson had no doubt in his mind that in 
his case the convulsions were caused by 
concentrated ether and an excess of carbon 
dioxide. Hewer** presented arguments to 
refute Dickson’s stand. 

Fairlie,?* although he had never seen a 
case, hazarded the opinion that there might 
be something inherent in the superheating 
of ether when it is given by the Pinson 
bomb method. Pinson pointed out that 
convulsions had occurred when the bomb 
method had not been employed and held 
to his original suggestion that they are 
“the outcome of the extensive action of 
carbon dioxide in patients who are sensitive 
to this naturally . . . and who are under 
the influence of ether.”” McDonagh wrote, 
‘it would appear the anesthetic substances 
act by subjecting protein particles in the 
plasma to sudden dehydration and then 
to an equally sudden hydration . . . the 
actual state in which the patient’s protein 


particles happen to be before the anesthetic 
is administered must play a greater part 
in the production of toxic symptoms.” 
Too deep etherization has been suggested 
as a Hadfield?® suggested 
that heat, sepsis or other toxemia, im- 
purities in the ether, and youth might be 
accessory factors to an unexplained tend- 
ency of development of convulsions, but 
he could not explain absence of record of 
such cases previous to about 1926. Rood 
and Webber stated that impurities in the 
ether might have increased of late, owing 
to the widespread use of various machines 
in which fresh supplies of ether are likely 
to be added to old residues. McDonald and 
Sapwell each was of the opinion that over- 
oxygenation was not a cause of convul- 
sions, and in this opinion they differed 
from Mennell. Smith’! offered the opinion 
that analysis of the oxygen supply in these 
cases might provide a clue to the discovery 
of the cause of this condition. MacKenzie** 
expressed the belief that three factors call 
for careful consideration: (1) impurities 
of ether; (2) carbon dioxide imbalance, and 
(3) acute suppuration!! or toxemia.°® Si- 
mon® was of the opinion that “the septic 
element is very much to blame.”’ Thomas” 
and Pinson* expressed the belief that late 
ether convulsions could be avoided by 
carefulé and judicious administration. 
Fraser suggested that ketosis was probably 
a factor. Clarke advanced the hypothesis 
that “increased vascularity of the cortex 
cerebri, more particularly of the Rolandic 
area, produced by a histamine effect, is 
the underlying cause.’’ Haworth*! was in- 
clined to think that toxemia and instability 
of the nervous system are the most prob- 
able causes of the condition. 

Daly,!® Sykes’ and Dawkins each re- 
ported one case in which convulsions 
ceased when the head was raised, suggest- 
ing that congestion of the brain had been 
present. Haworth*! reported cessation of 
convulsions after the foot of the bed had 
been well raised. Courts asked whether 
“spontaneous overbreathing tetany” 
might not be a factor. Kemp stated that 
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“theoretical and practical treatment of 
ether convulsions indicates that acapnia 
or carbon dioxide deficit is the causative 
factor in many instances.” Sears suggested 
that hypoglycemia might be a cause. 
Waldbott, following a study of 34 cases 
of “‘thymic death,” suggested that local 
and general anesthetics may be the source 
of allergic anaphylactic symptoms. Smith”? 
ventured the explanation that heat stroke 
might have been a factor in the case re- 
ported by Wright,*’ who was able to control 
the muscular spasm below the costal mar- 
gin by means of spinal anesthesia. Later 
the same patient was given 3 grains 
(0.2 gm.) of pentobarbital sodium in 10 
per cent solution, with complete cessation 
of convulsions. The patient’s temperature 
at the time of administration was 106.8°F. 
The barbiturates are well known to be 
sedative in action on the heat regulating 
center. Riddell asked, ““may not the cause 
lie in the three factors—susceptibility, 
ether vapour, oxygen above the content 
of atmospheric air?” Rovenstine, in report- 
ing a case of convulsions during ether 
anesthesia, gave his view that convulsions 
may sometimes be attributable to trauma. 
Smith,’* in commenting on a case reported 
by Willway, was of the opinion that the 
muscular spasms were attributable to ethy! 
chloride. 

Since 1929 one of us (Tovell) has taken 
a keen interest in reports appearing in the 
literature from time to time regarding 
“ether convulsions.” In January, 1932, his 
interest was thoroughly aroused when he 
observed a patient suffering from general- 
ized convulsions (CasE 1) which developed 
in the course of an operation for removal of 
an acutely inflamed, ruptured appendix. 


REPORT OF CASES 


Case 1. The boy, aged fifteen years, had 
been given morphine grain 1¥' (0.008 gm.) and 
atropine grain 499 (0.0003 gm.). Induction 
was with nitrous oxide and oxygen and ethylene 
and ether vapor was added. The typical con- 
vulsions associated with a marked rise in tem- 
perature appeared during the operation and 
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continued to a fatal termination within two 
hours, in spite of all treatment. The ether was 
examined and the sample did not contain 
aldehydes in excessive amounts. Gases from 
the same tanks had been administered to other 
patients. Postmortem examination failed to 
reveal definite evidence of the cause of death. 
It was noteworthy, however, that pulmonary 
edema was not present. 

Case 11. April 18, 1933, one of us (Tovell) 
was called to see a girl, aged eight years, who 
three hours earlier had undergone an operation 
for the removal of an acutely inflamed, gan- 
grenous appendix. The history revealed that 
nitrous oxide-oxygen and ether had been 
employed following preliminary medication 
with codeine grain 14 (0.032 gm.) and atropine 
grain 459 (0.0004 gm.). Generalized con- 
vulsions developed in the course of the opera- 
tion but ceased before the operation was 
completed. One-half hour after operation the 
patient’s rectal temperature was 105°F. Fifty 
minutes after operation, muscular spasms 
developed again and appeared intermittently, 
with increasing severity, during the next two 
hours. At this time the patient was conscious. 
During a seizure the pupils were widely dilated. 
The general expression was one of extreme fear. 
A whimpering cry was emitted. The bed- 
clothes were clutched as if in an attempt to 
control the jactitations. The fingernails and 
toenails were cyanotic but the lips remained of 
good color. Sodium amytal grains 10 (0.65 gm.), 
in 10 per cent solution, was administered intra- 
venously. The convulsions were controlled and 
did not recur. Recovery was uneventful. The 
mother said that the child had never had con- 
vulsions previously. A sample of the ether 
used was examined but definite conclusions 
regarding the cause of the convulsions could 
not be formulated. 

Case 11. In April, 1934, a woman, aged 
twenty-one years, presented herself for re- 
moval of an “interval appendix.” She gave 
a history of having had pain in the lower 
right abdominal quadrant three months previ- 
ously; at that time the diagnosis had been 
appendicitis. Physical examination gave nega- 
tive results. The systolic blood pressure 
was 90 mm. of mercury and the diastolic, 
68. Preliminary medication consisted of 
atropine sulphate grain 59 (0.0004 gm.) 
and pentobarbital sodium grain 1}4 (0.097 
gm.). Anesthesia was induced with nitrous 
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oxide and oxygen. When consciousness had 
been lost, ethylene was added and was sup- 
plemented by ether vapor. Violent and 
rapidly recurring hiccoughs developed during 
induction. As anesthesia deepened, the hic- 
coughs became less violent and the interval 
between spasms increased, but in spite of the 
fact that 2 ounces (60 c.c.) of ether had been 
used, and thus deep anesthesia had been 
produced, it was impossible to abolish com- 
pletely this untoward reaction. On the advice 
of one of us (Tovell) operation was post- 
poned and administration of the anesthetic 
was discontinued. Oxygen go per cent and 
carbon dioxide 10 per cent were administered 
freely and as the patient again entered the first 
stage of anesthesia the hiccoughing ceased and 
did not reappear. Two days later an appendix 
which had undergone chronic catarrhal inflam- 
mation was removed without untoward event 
following induction of spinal anesthesia. 

The spasms in this case were so violent and 
they so racked the patient that the possibility 
of hiccoughs and “late ether convulsions”’ aris- 
ing from similar causes was conceived. One of 
us (Rosenow) was called to see the patient. 
The patient related that three days previously 
she had had a violent attack of hiccoughs 
lasting approximately twenty minutes. Further 
hiccoughs had not been experienced until 
general anesthesia had been induced. Swab- 
bings of her nasopharynx were obtained and 
cultures were made. Results of experimentation 
will be outlined later. 

Case tv. In February, 1936, a girl, three 
years of age, entered the hospital for emergency 
treatment. Diagnosis of appendicitis with rup- 
ture was made and immediate operation was 
advised. Atropine sulphate grain 1499 (0.0002 
gm.) was administered. Following emia of 
anesthesia with nitrous oxide and oxygen, with 
some ether added, a small incision was made. 
The peritoneum was opened and free pus was 
encountered. Drainage was instituted. As the 
incision was being closed, twitching of the 
muscles of the face was noted. Generalized, 
clonic muscular spasms soon developed. Cya- 
nosis became marked and oxygen was admin- 
istered while sodium amytal was prepared for 
intravenous administration. In order to control 
the convulsions, 4 grains (0.24 gm.) of sodium 
amytal was given and this was followed by 
500 c.c. of a 10 per cent solution of glucose 
administered during the next three hours. It 


was then necessary to repeat the dose of sodium 
amytal to prevent recurrence of generalized 
spasms. In the meantime the patient’s rectal 
temperature rose to 108°F. Ice bags were 
applied and the temperature was reduced to 
103°F. Cultures from the wound and naso- 
pharynx were made. The patient lived four 
days, then died without regaining conscious- 
ness. Permission for a postmortem examination 
could not be obtained. 

Case v. In July, 1936, appendectomy for 
an acute purulent appendicitis grade 4 was 
performed on a woman, nineteen years of age. 
Preliminary medication consisted of morphine 
sulphate grain 4 (0.01 gm.) and atropine sul- 
phate grain 459 (0.0004 gm.) administered 
subcutaneously. Nitrous oxide and oxygen 
fortified with ether vapor was employed to 
produce anesthesia. The ether came from a 
newly opened container. After administration 
of the anesthetic agents had been discontinued, 
muscular twitchings of the face and upper 
extremities appeared and continued for five 
minutes. Oxygen and carbon dioxide were 
administered. When the patient was taken to 
her room the spasms had ceased. Recovery 
was uneventful. The first two days following 
operation nasopharyngeal swabbings were 
made. 


COMMENT ON THE CASES. In all 5 cases, 
neither the gases nor the ether was found 
to be at fault. The method of administra- 
tion was that usually employed. 


EXPERIMENTAL STUDY 


The main symptoms and lesions of per- 


sistent, epidemic hiccough,** persistent 
sneezing,®? and different types of enceph- 
alitis,©! have been produced in animals 
with the living streptococci isolated from 
atria of infection of the respective pa- 
tients, *? with dead streptococci injected in 
larger amounts, and with filtrates of active 
cultures. Streptococci isolated in a study 
of these diseases possessed on isolation 
“neurotropic” cataphoretic  velocity.®4 
Highly specific effects also have been noted 
following intradermal injection of hyper- 
immune serums prepared with neurotropic 
and other streptococci,® and in precipitin 
tests made by layering the patient’s serum 
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over the respective hyperimmune horse 
serums.** On the basis of these results it 
was thought that the muscular spasms 
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neurotropic, whereas the cataphoretic velocit: 
of the streptococcus obtained from the naso- 


pharynx twelve days later was normal (Fig. 1). 


Source of streptococci 
(read up 


Cataphoretic time and 
velocity of streptococci 


As isolated 
12 days later: 


(1,3,60)* 


| 


After animal 
passage 
(1,6,120) 


Nasopharynx 


As isolated 
(1,6,120) 


At time of 
attack 


Time in seconds 


2.0 3.0 4.0 5.0 6,0 


Microns per second, 
volt per centimeter 


5.45 2.50 1.72 1.58 1.15 


Fic. 1. Cataphoretic time and velocity of streptococci isolated from the 
nasopharynx of a patient in whom spasms of the diaphragm occurred during 


nitrous-oxide-ether anesthesia. 


* The figures in parenthesis indicate respectively, the number of strains, 


cultures and streptococci timed. 


which sometimes occur in the course of, and 
following, general anesthesia might be at- 
tributable to an unrecognized subinfection 
by streptococci which had peculiar neuro- 
tropic properties. Accordingly, the methods 
used previously were applied to a study of 
this perplexing problem. 


Case 11. The course of events in this case 
in which the patient had had severe hiccough 
for a short time three days before severe, un- 
controllable hiccough developed in the course 
of general anesthesia, was especially suggestive 
of this possibility. 

The clear serum obtained from this patient 
at the time of the attack gave positive precipi- 
tin ring tests when layered over the encephalitis 
and epilepsy antistreptococcus serums. Pre- 
cipitation did not occur with the poliomyelitis, 
arthritis, ulcerative colitis and myasthenia 
gravis antistreptococcus serums, nor with 
normal horse serum. There was no precipita- 
tion between the serum drawn from the patient 
twelve days later and any of the hyperimmune 
serums. 

The cataphoretic velocity of the strepto- 
coccus isolated from the nasopharynx of the 
patient at the time of the attempted operation 
when spasms of the diaphragm occurred, and 
that of the streptococcus isolated from the 
brain of inoculated rabbits, was markedly 


Two rabbits of medium size were given intra- 
cerebral injection, one with 0.1 c.c. and the 
other with 0.3 c.c., of the washings of the 
nasopharyngeal swabbing of the patient, sus- 
pended in 2 c.c. of gelatin Locke’s solution. 
The day after injection, observation of both 
animals disclosed tremor, increased and jerky 
respiration, and repeated, clonic spasms of the 
muscles of the eyelids, ears and abdomen, 
together with irregular, but sometimes rhyth- 
mic, spasms of the diaphragm and paroxysms 
of sneezing.*? The tremor and spasms which 
developed became repeatedly greatly exag- 
gerated and more extensive during induction of, 
and recovery from, ether anesthesia. The 
brand of anesthetic ether used throughout this 
study has a reputation for a high standard of 
purity. The abnormal reactions occurred 
equally, whether the ether used was from 
freshly opened cans, or from cans which had 
been opened one to several days previously. 
The rabbit which received the smaller dose 
died forty-eight hours after injection. Exami- 
nation revealed moderate, diffuse congestion 
of the cerebral cortex, marked congestion sur- 
rounding the roots of the cervical nerves and 
a sharply circumscribed region of infiltratio1 
and edema of the pia over the anterior aspect 
of the medulla. Unusually extensive post 
mortem digestion of the stomach was noted. 
The cerebrospinal fluid was slightly cloudy. 
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of skeletal muscles developed; moreover, there 


Cultures from pipettings from the brain yielded 
were occasional spasms of the diaphragm, 


a pure growth of the streptococcus; those from 


the blood proved sterile. The other rabbit 


Fic. 2. Case 11. Localized meningeal and perivascular 
infiltration with leucocytes and round cells at the 
base of the brain of a rabbit forty-eight hours after 
intracerebral injection of the heat killed strepto- 
coccus, after one animal passage. Hematoxylin and 
eosin, X 75. 


recovered. 

Two rabbits were given intravenous injec- 
tion of 12 c.c. of the dextrose-brain broth cul- 
ture of the streptococcus obtained from the 
nasopharynx; the microérganism was in the 
second culture generation. Both rabbits were 
well the following day. Ether anesthesia had no 
effect on one, but it caused clonic spasms of 
muscles of the thorax and diaphragm of the 
other on two occasions. Sodium amytal, 0.4 c.c. 
of a 10 per cent solution, injected intravenously, 
caused the spasms of muscles of the thorax and 
diaphragm to disappear but incited temporary 
horizontal nystagmus in both rabbits. The 
animal that reacted negatively to ether anes- 
thesia was given intracerebral injection, forty- 
eight hours after intravenous injection, of 2 c.c. 
of a suspension of the heat killed streptococci 
equivalent in density to that of a dextrose- 
brain broth culture. Tremor and clonic spasms 


which disappeared following intravenous in- 


Fic. 3. Case 11. Diplococci in lesions of the 
brain of the rabbit referred to in Figure 2. 
Modified gram stain, X 1000. 


jection of 0.4 c.c. of a 10 per cent solution of 


sodium amytal. The spasms did not return as 
the animal recovered from prolonged effects 
of sodium amytal but ether anesthesia again 
caused clonic spasms of muscles of the face, 
eyes, neck, shoulders and thorax. The rabbit 
was chloroformed twenty-four hours after the 


intracerebral injection. The cerebrospinal fluid 
was slightly cloudy and greatly increased in 
amount. There was moderate congestion of 
the brain but no lesions of other viscera were 


seen. Cultures from the brain and _ blood 
remained negative. Sections of the brain and 
medulla revealed slight edema and cellular 
infiltration of the meninges in sulci and sur- 
rounding blood vessels (Fig. 2); also diplococci, 
free and within leucocytes, were present in the 
lesions (Fig. 3). 

Two additional rabbits were given injection, 
at 10:00 a.M., April 25, 1934, with the heat 
killed streptococcus from the primary culture 
in dextrose-brain broth of the pipettings from 
the brain of the rabbit that succumbed to intra- 
cerebral injection of the streptococcus. One 
was given 2 c.c. intracerebrally and one 
40 c.c. intravenously, of a suspension of the 
heat killed streptococci equal in density to 
that of a dextrose-brain broth culture. At 
9 P.M., observation of the rabbit that had 
received intracerebral injection disclosed tremor 
of the masseter muscles and clonic spasms of 
the abdominal muscles and diaphragm. Inhala- 
tion of ether, on four occasions on the following 
day, incited extensive spasms of muscles, 
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including the diaphragm, and on three occa- 
sions respiration ceased suddenly, necessitating 
artificial respiration. The animal was chloro- 


Fic. 4. Case 111. Round cell infiltration in the anterior 
aspect of the medulla of a rabbit killed two days after 
intracerebral injection of the heat killed streptococci. 
Hematoxylin and eosin, X 75. 


formed forty-eight hours after injection. Sec- 
tions of the medulla revealed slight infiltration, 
chiefly by round cells, especially in the anterior 
aspect of the medulla (Fig. 4), and in sulci of 
the cerebrum; a few diplococci were found 
in the lesions. 

On April 26, the rabbit that had received 
intravenous injection appeared to be well. It 
took ether normally but as it recovered from 
the anesthetic it licked its mouth and other 
objects vigorously, and had sharp tremor and 
spasms of the muscles of the jaw. The licking 
action and tremor continued for forty-five 
minutes. These symptoms reappeared in the 
course of each of six times that anesthesia was 
effected by ether on the same and on the 
following day; on one occasion generalized 
convulsions occurred as the rabbit was recover- 
ing from the effects of the ether. 

Two rabbits were given injections on April 
25, 1934, of a freshly prepared filtrate of the 
twenty-four hour dextrose-brain broth culture 
of the streptococcus obtained from the brain of 
a rabbit that had succumbed to an intracerebral 
injection of the streptococcus. One was given 
2 c.c. intracerebrally; the other, 40 c.c. intra- 
venously. Tremor and spasms of muscles, 
including the diaphragm, developed in both 
instances. These symptoms were greatly exag- 
gerated by administration of ether. 


DECEMBER, 1936 


Three rabbits were given injections with the 
streptococcus obtained from the nasopharynx 
twelve days after the attempted operation. All 


Fic. 5. Case v. Leucocytic and round cell infiltration 
of the meninges and adjacent brain substance in 
sulci. The section is of the cerebral cortex of a 
rabbit that received intracerebral injection of 
living streptococci. Hematoxylin and eosin, 
X 1000. 


remained well and reacted normally to ether on 
repeated tests. They were etherized to death 
on the fourth day following injection. Lesions 
were not found and cultures from blood and 
brain proved negative. 


COMMENT. Irregular, greatly exagger- 
ated, spasmodic respirations, associated 
with spasms of muscles, including the 
diaphragm, were produced, in varying de- 
grees of severity, in 7 of 8 rabbits which 
were given injections of streptococci iso- 
lated at the time of the attack in Case 11. 
Sensitiveness to ether, in which the 
muscular spasms were aggravated, was 
observed in experiments on all the rabbits. 
These symptoms were not displayed by 
any of the 3 rabbits which received injec- 
tions of material obtained from the patient 
twelve days later. 


Case 1v. The cataphoretic velocity of the 
streptococcus obtained from the nasopharynx 
of this patient, grown in dextrose-brain broth, 
was moderately neurotropic. Two rabbits were 
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given injections, one intravenously with 25 c.c.; 
the other, intracerebrally with 0.1 c.c. of this 
culture. In the muscles of the jaws, the ears, 
and the shoulders of both were observed tremor 
and spasms which became more marked and 
more widespread during ether anesthesia. 

The former rabbit died thirty hours after in- 
jection. The brain was congested. The appendix 
was swollen and there were a number of hemor- 
rhages in its distal third. A green producing 
streptococcus was isolated in pure culture from 
the blood and brain. Observation of the rabbit 
which received intracerebral injection disclosed, 
the day after injection, marked tremor, ataxia 
and clonic spasms of muscles, chiefly of the 
jaws, the ears, the neck and the shoulders. 
There was no weakness. The animal was 
etherized. Excitation and increase in severity 
and extent of spasms occurred soon after the 
animal had been placed in the etherizing 
chamber. Its respiration grew jerky and irregu- 
lar when under light anesthesia but respiration 
grew regular and all spasms disappeared when 
under deep anesthesia. After administration of 
ether had been discontinued, spasms of muscles 
returned and horizontal nystagmus developed 
for a short time and then disappeared. The 
animal was found dead the following morning. 
Marked congestion of the brain, and slightly 
turbid spinal fluid, were found. There were no 
lesions of the viscera. Cultures from pipettings 
from the brain yielded large numbers of 
green-producing colonies of streptococci. Cul- 
tures of the blood remained sterile. 


COMMENT. Observation of both of two 
rabbits that were given injections disclosed 
muscular spasms which became more 
marked and widespread during induction 
of, and recovery from, anesthesia. In addi- 
tion, in the appendix of the rabbit which 
received intravenous injection, hemor- 
rhages were noted. 


Case v. Observation of all of the 3 rabbits 
which received injections of the streptococcus 
obtained from the nasopharynx of the patient, 
twenty hours after onset of acute symptoms of 
appendicitis, revealed increased, jerky respira- 
tions, tremor and twitching of the masseter 
muscles, and spasms of the muscles of the eyes 
and shoulders. The rabbits died in one to two 
days and in all appendicitis developed, as was 
manifested by marked congestion and hemor- 


rhages in the mucous membrane or under the 
peritoneum, hemorrhagic and edematous lymph 
nodes at the base and a large amount of muco- 


Fic. 6. Case v. Diplococci in lesions of the 
brain of the rabbit referred to in 
Figure 5. Brown-Gram stain, X 1000. 


purulent material within the lumen of the 


appendix. All revealed moderate congestion of 
the brain. One of these rabbits had received 
intracerebral injection of 0.1 c.c. of the suspen- 
sion in gelatin Locke’s solution; one had 
received intracerebral injection of 0.1 c.c. of 
a 1:1000 dilution of the primary culture in 
dextrose-brain broth, and one had received 
intravenous injection of 6 c.c. of the primary 
culture. None of these rabbits was given ether. 
In examination of the rabbit which had re- 
ceived intravenous injection, in addition to 
appendicitis, an acute intussusception of the 
lower part of the ileum and hemorrhages 
in the colon were found. Cultures from the 
brains of the 2 rabbits which had received 
intracerebral injection yielded pure growths of 
green producing streptococci; those from the 
wall of the appendix yielded streptococci and 
gram negative and gram positive bacilli. The 
blood of both proved sterile, whereas the blood 
of the animal that had been given intravenous 
injection yielded a pure culture of the strep- 
tococcus. Sections of the brain revealed 
localized infiltration of the pia and adjacent 
brain substance, especially in sulci over the 
cerebral cortex (Fig. 5); diplococci were found 
in the lesions (Fig. 6). 

The primary culture of the streptococcus 
that was isolated from the brain of the rabbits 
which had received intracerebral injection was 
injected intravenously into one rabbit. The 
animal appeared well forty-eight hours follow- 
ing injection, when it was killed. Examination 
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revealed congestion of the appendix, small 
hemorrhages in the mucous membrane of the 
stomach, one large hemorrhagic ulcer with 
necrotic walls in the pyloric end of the stomach 
and hemorrhage of muscle and ligaments sur- 
rounding the left knee joint. Cultures from the 
blood proved sterile. 

Three rabbits were similarly given injections, 
two intracerebrally and one intravenously, 
with the streptococcus obtained from the naso- 
pharynx of this patient forty hours after onset 
of the attack of appendicitis. The rabbit which 
was given intravenous injection was apparently 
well forty-eight hours after injection but the 
action of the heart had become irregular and at 
times about a fourth as rapid as normal. It was 
not sensitive to ether and was etherized to 
death forty-eight hours after injection. Lesions 
were not found in the appendix or intestines. 
One small hemorrhage was found in the pyloric 
end of the stomach. Large hemorrhages were 
found at the base of the posterior leaflet of the 
tricuspid valve and in the septal wall, just 
beneath the aortic valves. Cultures from the 
blood revealed a pure growth of the green pro- 
ducing streptococcus. 

The effect of ether was tested on the 2 rabbits 
which had been given intracerebral injection 
with the suspension of the nasopharyngeal 
swabbing made forty hours after onset of 
symptoms. Both had become hyperirritable 
and excitable twenty-four hours following in- 
jection and one had repeated, mild, muscular 
spasms in addition. In both, muscular spasms 
developed or increased during and following 
repeated ether anesthesia. One died in the 
course of generalized convulsions following only 
partial anesthesia, despite the fact that great 
care was used in the administration of the 
anesthetic. 

The serum of the patient, obtained twenty 
hours after onset of the attack, gave a positive 
preciptin ring when the serum was layered over 
the hyperimmune serums prepared with strep- 
tococci isolated in studies of encephalitis and 
epilepsy, whereas the serum obtained six days 
after recovery did not give precipitation with 
any of the hyperimmune serums. 

The streptococcus isolated from the naso- 
pharynx twenty and forty hours after onset of 
the attack, and from the brain and blood of 
positive animals, was agglutinated specifically 
by the serum obtained from the patient on the 
sixth day after onset of symptoms, but not by 
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serum obtained twenty hours after onset of 
symptoms. 


COMMENT. Of 7 rabbits which were 
given injections of material from the pa- 
tient, in 5 lesions developed in the appendix 
and in 2 hemorrhages and ulcer of the 
stomach developed. Observation of one 
rabbit which received intravenous injec- 
tion of the strain obtained two days after 
onset of the attack disclosed irregularity 
of the action of the heart; moreover, there 
were hemorrhagic lesions at the base of 
the tricuspid and aortic valves and in the 
septal wall in, or adjacent to, the bundle 
of His. Observation of both of 2 rabbits 
which were given injections of the strep- 
tococcus obtained from the nasopharynx 
on the second day of the attack, the 2 
rabbits on which the effect of ether was 
tested, disclosed muscular spasms during 
etherization and when the animals were 
recovering from the effects of the ether. 


CONTROL EXPERIMENTS 


Seventeen rabbits were given injections 
of streptococci from the nasopharynges of 
patients used as controls. Two of these 
patients had acute appendicitis, but spasms 
did not develop during or following general 
ether anesthesia; two had ulcers of the 
duodenum; two, arthritis and fibrositis; 
one each had rheumatic fever, epidemic 
vertigo, pyelonephritis, perineuritis, epi- 
demic sore throat and bronchitis. All of 
these rabbits reacted normally to ether 
except the one which had received injection 
of the culture of the streptococcus ob- 
tained from the patient who had sore 
throat and bronchitis. Respirations of this 
animal became jerky and increased in 
rate and amplitude; there were tremor and 
twitching of muscles, clonic spasms of 
the muscles of the thorax and rapid, ver- 
tical nystagmus and blephorospasm. These 
signs appeared during two inductions 
of ether anesthesia. At necropsy the lesions 
in the rabbits injected as controls were 
characteristic, in important respects, of 
those of the respective patients from whom 
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the streptococci had been obtained. Thus, 
all of 4 rabbits that were given injections 
of the streptococcus from the nasopharynx 
of the 2 patients with acute appendicitis, 
and who reacted normally to ether anesthe- 
sia, revealed cloudy swelling and congestion 
of the entire intestinal tract. In addition, 2 
revealed hemorrhages of the transverse 
colon and appendix, the thymus, and in 
mesenteric, axillary and popliteal lymph 
glands. Hemorrhages and ulcer of the 
stomach or duodenum were found in 
examination of the 4 rabbits which re- 
ceived injections of the streptococcus 
obtained from the 2 patients who had 
duodenal ulcer; hemorrhage, edema and 
areas of focal necrosis of muscle fibers were 
found in the animal which had been given 
injection of the streptococcus obtained 
from the patient who had rheumatic fever; 
hemorrhages of muscles surrounding nerves 
and of fascial sheaths surrounding joints 
were found in the 3 rabbits which were 
given injections of the streptococcus ob- 
tained from the 2 patients who had arthritis 
and fibrositis. Aside from congestion of the 
brain, no lesions were found in the rabbit 
which had been given injection of the 
streptococcus obtained from the patient 
with epidemic vertigo. Hemorrhagic and 
necrotic lesions were found in the medulla 
of the kidneys in the 2 rabbits which were 
given injections of the streptococcus ob- 
tained from the patient who had pyelo- 
nephritis. Hemorrhagic infiltration and 
edema of the nerves, nerve sheaths and 
surrounding fascia were found in the rabbit 
which had been given intravenous injection 
of the streptococcus obtained from the ton- 
sils of the patient who had symptoms of 
acute perineuritis. Hemorrhagic edema and 
emphysema of the lungs, with rupture of 
the lung and resulting hemorrhage in the 
pleural cavity, were found in the rabbit 
which received intracerebral injection of 
the streptococcus obtained from the pa- 
tient who had sore throat and bronchitis. 


COMMENT AND CONCLUSIONS 


The conditions of the patients studied 
were closely simulated in animals, both as 


regards systemic lesions and peculiar reac- 
tion to ether anesthesia. Spasms of the 
diaphragm and “ether convulsions” were 
reproduced but systemic lesions were 
absent in the case of hiccough and con- 
comitantly in the rabbits which received 
injections. In the 2 cases in which the 
patients had acute appendicitis, and ether 
convulsions, lesions of the appendix as well 
as ether convulsions were reproduced in 
the rabbits. The respective systemic lesions 
of the control group of patients were also 
reproduced in animals, but the animals did 
not manifest abnormal reactions to ether. 
Antibodies specific for the respective strep- 
tococci were demonstrated in the serum of 
patients after recovery. 

Ether anesthesia caused muscular spasms 


.and generalized convulsions of animals 


which were given injections of streptococci 
isolated from the patients at the time of 
the attacks, but not when the streptococci 
were obtained from the patients after 
recovery. This peculiar reaction to ether 
was manifested by some of the animals 
that at no time before had had spasms. If 
animals had manifested spasms they were 
made worse and more extensive by inhala- 
tion of ether. Ether also caused spasms to 
recur soon after apparent recovery from 
the effects of the streptococcus, but the 
induced sensitiveness to ether disappeared 
as recovery became complete. 

The symptoms manifested in the course 
of ether anesthesia by the animals which 
received injection were similar to those 
noted in cases of “ether convulsion” that 
have been reported. Respiration became 
rapid, jerky and labored and often ceased 
suddenly, despite great care in the ad- 
ministration of ether. Resuscitation was 
always difficult and sometimes impossible. 
Tremor, twitching, and spasms of muscles, 
of the animals as of the patients, most often 
began in the muscles of the jaws and face, 
then tended to spread to the muscles of 
the neck, shoulders and fore and hind 
extremities. These manifestations often 
became worse as they spread and some- 
times fatal convulsions developed in the 
course of, soon after, or late after anes- 
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thesia. As with patients, so with animals, 
deepening the ether anesthesia did not 
always relieve the spasms, whereas intra- 
venous injection of sodium amytal did 
relieve them. The specific properties of the 
streptococcus isolated from the throats of 
patients at the time of the attack, and 
from the brains of animals which mani- 
fested the symptoms and which died, were 
highly labile. Only freshly isolated strains 
sufficed to produce highly specific effects. 

The results of these experiments suggest 
that “ether convulsions” are attributable 
to a neurotoxin or poison produced by 
some strains of streptococci in amounts 
insuflicient to cause spasms in the absence 
of anesthesia but which in the course of 
general anesthesia suffices to incite the mus- 
cular spasms characteristic of this condi- 
tion. It is suggested, on the basis of clinical 
and experimental evidence, that the bar- 
biturates, administered intravenously, be 
used to control the muscular spasms, 
thus permitting subsequent symptomatic 
treatment. 
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ANESTHETICS AND LIVER FUNCTION 


Wes.ey Bourne, M.D., F.R.C.P. (CAN.) 


Lecturer in Anaesthesia, McGill University 


MONTREAL 


NTEREST in the effects of anesthetics 
on metabolism has been continual ever 
since their universal employment, and 

although that part of the general subject 
which has to do with their actions on the 
liver did at first seem separate, in some 
respects specific, and rather circumscribed, 
it has become more and more evident that 
the disturbances which anesthetics cause 
in the liver take place concurrently and 
in an interdependent manner with the 
many others in the rest of the organism. 
And yet the increasing attention towards 
the effects of anesthetics on the liver, over 
those on other structures, has not been 
altogether irrelevant nor perhaps too im- 
moderate, all the more so, on account of the 
many vital functions of that great organ. 
Casper!? was the first to suggest the 
possibility of death from the delayed action 
of chloroform and mentioned Dohlhoff’s 
case of January, 1849, at the Magdeburg 
hospital. About the same time Langen- 
beck* reported a similar death occurring 
seventeen hours after operation, in which 
at autopsy the liver was found to be very 
fatty. The acute experiments of Noth- 
nagel,‘ done in 1866 on rabbits, show that 
chloroform as well as ether may produce 
fatty changes in the liver, heart and kid- 
neys. In 1882 Rosenbaum*® demonstrated 
that for a long time after chloroform 
anesthesia the liver is poor in glycogen. In 
1883, Ungar and Junkers® found extensive 
fatty changes in the liver, heart and volun- 
tary muscles in experiments on dogs which 
were killed forty-eight hours after single 
administrations of chloroform. After re- 
peated inhalations some of the animals 
were allowed to die and the lesions in 
these structures were found to be much 
more severe and fatty changes were noted 


as well in the kidney, spleen and mucous 
membranes of the respiratory and alimen- 
tary tracts. They attributed these effects 
to the direct action of the drug on the 
tissues. Working independently in 1889 
at Berlin, Strassmann’ and Ostertag® con- 
firmed the findings of Ungar and Junkers, 
and, in addition, the former discovered 
that chloroform caused an increased excre- 
tion of nitrogen in starved animals; while 
the latter made the important observation 
that dogs exhibit great individual differ- 
ences in resistance to chloroform. Thiem 
and Fischer,’ in the same year, reported 
the case of a man who died four days after 
chloroform anesthesia which was produced 
for an operation on the knee joint. At 
necropsy the fatty changes in the liver 
were very marked while the kidneys seemed 
normal. These observers then experimented 
on rabbits and dogs and found that chloro- 
form produced marked fatty changes 
especially in the liver. One year later 
Bastianelli! published an account of 3 
deaths occurring in three to ten days after 
chloroform narcosis. He could find no other 
apparent cause for these deaths than the 
anesthetic. His patients had the typical 
symptoms of vomiting, icterus, delirium 
and coma. Autopsy in one of these cases 
revealed extensive fatty degeneration of 
the liver and moderate fatty changes in 
the kidney and heart, as well as subserous 
hemorrhages. 

The first carefully detailed description 
of the naked eye and microscopical appear- 
ances of the changes which may take place 
in human organs after the inhalation o! 
chloroform, was given by Fraenkel"! of the 
new general hospital of Hamburg-Eppen- 
dorf in 1892. He studied 5 cases in which 
chloroform had been used during two to 
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four hours. The deaths occurred from forty 
hours to twenty days after the operations. 
The heart showed marked fatty degenera- 
tion in all these cases. In the kidneys there 
was pronounced degeneration of the epi- 
thelium, especially of the convoluted tu- 
bules, varying in intensity from cloudy 
swelling to actual necrosis; in one instance 
there were considerable fatty changes. 
Although he laid less stress on the liver 
effects, he was able to detect a fatty change, 
especially at the periphery of the lobules, in 
4 of the cases. The liver cells were de- 
generated and their nuclei often necrosed. 
Deposition of fat was observed also in the 
voluntary muscles, and in the ascending 
aorta. After comparing these morbid 
changes in the parenchymatous organs 
with those found in patients dying from 
sepsis and other causes, he came to the 
conclusion that the former were specific 
for the action of chloroform. It is of par- 
ticular interest to quote his reference to a 
case of a strong muscular man, aged thirty- 
eight years, who died sixteen days after 
resection of the pylorus for carcinoma. In 
spite of the fact that he was kept under 
chloroform for four hours, the heart, liver 
and voluntary muscles showed no abnor- 
mality, and only a very slight parenchym- 
atous degeneration was present in the 
kidneys. The patient died of gangrene of 
the lung. He mentions this case because it 
seems to support the idea of the importance 
of idiosyncrasy in chloroform poisoning. 
We may compare the previously mentioned 
observation of Ostertag concerning the 
great individual differences in resistance 
in dogs to this drug. Fraenkel states that 
whereas clinical symptoms may be very 
mild, the autopsy findings may show ex- 
treme parenchymatous degenerations. 
Several other earlier observers have re- 
ported instances of the effects of chloro- 
form on the liver, and it may be stated at 
once that it is not intended at this time to 
recount all of their findings, but rather 
only those which seem primordial in 
possessing important and pertinent facts. 
Separately, Bandler,!2 Heintz!* and Mar- 
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then in 1896 recognized necrosis in the 
livers of fatal cases and produced necrotic 
lesions in the livers of dogs and rabbits, 
all from chloroform anesthesia. Bandler 
refers to many previous authors, and gives 
the detailed symptoms of an otherwise 
healthy man who died in Wolfler’s clinic 
in Prague on the fourth day after one hour 
of chloroform anesthesia for strangulated 
hernia. Leucine and tyrosine were found 
in the urine. Microscopically the liver was 
pervaded with fat and showed a granular 
detritus in place of the normally outlined 
cells. In discussing the etiology of this 
case he excluded sepsis as well as iodoform 
and sublimate intoxications, and concluded 
that chloroform was the most likely cause 
of the damage done. He gives an account 
of his experiments on rabbits and dogs, 
from which there was confirmation of the 
findings of Ungar and Junkers and of 
Strassmann concerning the action of chloro- 
form on the liver. He administered ether 
to 4 rabbits and to 4 dogs for relatively 
long periods and in some instances re- 
peatedly. In only one of these was any 
action on the liver found; that is, slight 
fatty changes in a dog after four adminis- 
trations on successive days. 

The clinical accounts of Heintz and 
Marthen are both very similar to that of 
Bandler. The former believed that death 
may not be attributed to functional dis- 
turbances of a single organ but rather to 
an intoxication which produces patholog- 
ical changes in most of the organs by no 
means proportionate either to the length 
of anesthesia or the quantity of chloroform 
used, and that idiosyncrasy seems to be 
an important factor. In his description of 
the liver findings Marthen mentions fatty 
infiltration at the periphery of the lobules 
and absence of the nuclei of the cells of the 
central zones. 

Although previously mentioned by 
Fraenkel, the year 1896 marks the begin- 
ning of the recognition of necrosis as the 
most important of the changes produced 
by chloroform. Lengemann” reported in 
1900 from the Surgical Clinic of Mikulicz 
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and the Pharmacological Institute of 
Filehne in Breslau that even prolonged 
ether anesthesia causes no damage to the 
viscera, i.e., liver, myocardium and kid- 
ney, whereas with chloroform no matter 
what the circumstances the effects are 
deadly. Both anesthetics were administered 
in vapour form by a pump and the per- 
centages were measured. Truly the epoch 
of the “nineties” saw several manifesta- 
tions of general scientific marvels, to which 
no other short period can point. The few 
references which have been given here 
are illustrative of the many attempts to 
elucidate the effects of anesthetics during 
these years. 

As time went on these effects were 
explained in various ways; for example, 
Guthrie,’ who gave an excellent descrip- 
tion of the symptoms of late chloroform 
poisoning, claimed that the root of the 
trouble lies in a preexisting fatty condition 
of the liver and that the anesthetic acted 
only as a “last straw.” Brewer” discussed 
all the possible causes and concluded that 
the condition was one of “acetonaemia ”’; 
and others, separately, have called it ‘acid 
intoxication,” “‘aciduria,” and “acute yel- 
low atrophy.”’ Among the earlier observers 
may be mentioned Stiles and McDonald,* 
who gave a very comprehensive account 
of delayed chloroform poisoning up to 
their time (1904), with good references and 
colored plates showing intense fatty in- 
filtration and central necrosis of the liver 
lobules of a rabbit and a patient. Another 
description of the effects of anesthetics 
on the liver, with which all anesthetists 
should be familiar, is that given by Bevan 
and Favill.!’ They recount and discuss the 
cases from the literature, the symptoms, 
predisposing causes and pathological find- 
ings. In their carefully tabulated conclu- 
sions they mention 


. a definite symptom-complex which makes 
its appearance from 10 to 150 hours after 
anaesthesia. This symptom-complex consists 
of vomiting, restlessness, delirium, convulsions, 
coma, Cheyne-Stokes respiration, cyanosis, 
icterus in varying degree, and usually termi- 
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nates in death . . . chloroform is the anaes- 
thetic which produces this. Ether is seldom 
the cause of a death of this kind. 


About the same time Doyon and Billet,”° 
working in the laboratories of professors 
Morat and Renaut in Paris, administered 
chloroform in oil to dogs by stomach tube 
and found that the lesions of the hepatic 
cells were principally in the centre of the 
lobule. They appear in one of three states 
which seems to constitute the progressive 
steps of the same process, namely: (1) Hy- 
aline degeneration, the cells are very 
slightly affected, but there is no reticular 
structure. The nuclei are healthy. (2) A 
second stage wherein the protoplasm is 
fragmented, reduced to granulations (more 
or less large) and without structure—gran- 
ular degeneration. (3) A last stage in which 
the protoplasm does not exist or is reduced 
to fine, somewhat colored granulations; the 
nucleus is colored a little and fragmented, 
indeed it may have completely disap- 
peared—complete necrosis. In general there 
is marked fatty degeneration. The kidneys 
show lesions of acute epithelial nephritis. 

Wells?! has propounded the hypothesis 
that anesthetics, like some other substances, 
may inhibit the actions of the enzymes 
which produce oxidations, which maintain 
the equilibrium between glycogen and 
sugar, which split fats and probably also 
synthesise them, and also those which split 
up proteids. At the same time the action 
of the autolytic enzymes is not impeded 
and synthesis ceases while proteolysis con- 
tinues, hence the process is all in one direc- 
tion and the cell digests itself until its 
structure is destroyed and its proteids 
have broken up into simple nitrogenous 
substances, such as leucine, tyrosine and 
ammonia compounds. Such products of 
disintegration enter the circulation and 
produce toxic effects, added to which will 
be the poisonous substances that accumu- 
late because of the impaired function oi 
the degenerated liver and kidney. Pre- 
sumably the liver is the most affected 
because it is the site of the most active 
autolytic and oxidative processes in the 
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body. In a later paper Wells?? concludes 
that there are two types of cases, those 
in which the effects are principally on the 
kidney producing symptoms tesembling 

“acidosis” or “acetonaemia,” occurring 
usually in children, and a second group 
with severe jaundice, seen more frequently 
in adults, wherein the chief seat of action 
is the liver. 

Against the hypothesis of Wells one 
finds the results of the work of Howland 
and Richards** on dogs which show that 
the proportions of nitrogen as urea, am- 
monia and undetermined compounds, so 
closely approximated the normal that 
death could not have been due to the ac- 
cumulation of amino-acids or to an acid 
intoxication. 

What a prodigious organ is the liver, 
with its immensity, its 200,000 (Sappey) 
lobules of beautiful intimate structure, its 
double blood supply, its bipartite rhythmic 
activity, and its many vital functions. Yet 
it is very vulnerable and its cells are exceed- 
ingly susceptible to insult, so that in the 
very performance of their duties they are 
apt to succumb easily. But they are pos- 
sessed of remarkable regenerative powers. 
The regenerative changes in the liver were 
studied by Podwyssozki* fifty years ago 
in the rat, cat, rabbit and guinea pig. He 
found that loss of liver substance is re- 
paired by proliferation of the liver cells 
and the cells of the small bile ducts. Where 
there is gross injury, an abundant forma- 
tion of connective tissue occurs as well, and 
the bile ducts proliferate freely and from 
them new liver cells may develop. When 
Podwyssozki had finished his work he 
noticed that Bizzozero” had just published 
very similar results. Then Ponfick?* showed 
that after removal of all but one lobe of 
the liver in dogs the needs of the organism 
caused a hypertrophy of the remaining 
liver substance which resulted from the 
great multiplication of the liver cells every- 
where throughout the lobule and the 
establishment of newly formed blood capil- 
laries. This work was repeated and verified 
by von Meister,”” who states that when 
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four-fifths of the liver of rabbits, rats or 
dogs, is removed it can regenerate to 
its usual weight of reconstructed organ 
parenchyma. 

Meder* and several others have at dif- 
ferent times since shown that similar 
repair takes place 1 in the liver after intoxi- 
cations such as “acute yellow atrophy,” 
and Pearce* has reported his study based 
on material from the livers of 16 dogs rep- 
resenting periods varying thirty- 
eight hours to thirty-six days after the 
injection of an hemagglutinative serum 
which produces necrosis. He gives the de- 
tails of his findings concerning the regenera- 
tion of the liver tissue and states that the 
most striking feature is the great power 
of the liver cells to increase by direct 
division; also, in the late stages of the 
repair of extensive necrosis many multi- 
nucleated liver cells, most of which sur- 
round fragments of necrotic cells, may be 
seen between the normal liver tissue and 
the dense bands of new tissue. Whipple 
and Sperry*® made a careful study of tissue 
repair in the dog’s liver following central 
necrosis from chloroform anesthesia, and 
among other conclusions state that if an 
animal recovers, the repair takes place 
rapidly and brings the liver back to normal 
in two to three weeks; also that the pathol- 
ogy of chloroform poisoning is identical in 
dogs and in man. There have been numer- 
ous confirmations of the pathological and 
regenerative findings following liver dam- 
age from various causes. 

It is well to remember that Mann and 
Magath*! have shown that the experi- 
mental production of a chronic functional 
insufficiency of the liver has been difficult 
because of the enormous regenerative 
power of-the organ. It is possible to remove 
all of the liver of the dog except the two 
lower right lobes (approximately 70 per 
cent) without serious damage to the portal 
and vena cava circulation; the animals 
do not seem to suffer from such loss. The 
reason for this may readily be ascertained 
by examination a few months after opera- 
tion, when the two remaining lobes will be 
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enlarged and the amount of tissue prac- 
tically the same as before operation. 

At this juncture it is worthy of note that 
Williamson and Mann* have shown that 
the characteristic symptoms which follow 
hepatectomy are not observed after poison- 
ing with chloroform or phosphorus, al- 
though the results of the poisoning are 
in many instances fatal. Hypoglycemia 
occurred in but a small percentage of their 
experiments and uric acid in the majority. 
They state that the results prove con- 
clusively that the poisons, while greatly 
injuring the functions of the liver, do not 
produce complete hepatic insufficiency. 
Other tissues and organs are undoubtedly 
profoundly affected, and in many instances 
the functional damage to the liver is prob- 
ably not the primary cause of death. How- 
ever valuable the studies on the effect of 
chloroform, phosphorus and allied poisons 
may be, particularly relative to hepatic 
disease, conclusions with regard to the 
function of the liver based on such studies 
must be drawn very cautiously. 

Despite the profusion of liver regenera- 
tion, complete functional recovery is not 
fully established for some considerable 
time after the tissue seems to be perfectly 
normal under the microscope. This has 
been abundantly proved since the intro- 
duction of the dye tests by Abel and Rown- 
tree,** who used phenoltetrachlorphthalein. 
Rowntree, Hurwitz and Bloomfield** made 
a comparative study of all the then known 
tests for liver function and concluded that 
this dye test was most reliable and that its 
employment gave quantitative results. The 
dye is injected into a vein and recovered 
quantitatively from the feces to which it is 
excreted from the liver through the bile. 
Whipple and Speed** found a drop in the 
fecal output of the dye, some of which is 
now excreted in the urine, after the ad- 
ministration of chloroform. When ether 
is given over a period of two hours, this 
dye test shows a liver function interference 
which lasts for twenty-four hours. They 
show that this physiological test is more 
sensitive than any estimate based on 
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histological evidence. In 1922 Rosenthal*® 
modified this test by substituting the 
measurement of the degree of the retention 
of the dye in the blood for the study of its 
excretion in the bile, that is, he measures 
the rate of its disappearance from the 
blood. Then Rosenthal and White*’ studied 
a large group of phthalein dyes and found 
bromsulphalein to be the most suitable. 
Normally the liver can remove it almost 
completely from the blood within fifteen 
minutes after intravenous injection, but if 
the liver is injured it cannot normally take 
up the dye, which therefore remains in the 
blood for a long time. If 80 per cent of the 
rabbit’s liver is removed and the dye in- 
jected, more than 8o per cent of it will still 
be present in the blood fifteen minutes after 
injection, at which time it should normally 
be removed. 

Rosenthal and I** conducted a series of 
experiments for the purpose of studying 
the effect of various anesthetics on the 
liver, as indicated by bile pigment dis- 
turbances and by the bromsulphalein test 
for hepatic function. The changes which 
anesthetics produce on the liver, however, 
have a more general interest in that this 
impaired function is only a reflection of 
the widespread depression of cell activity 
resulting from certain anesthetics; anal- 
ogous changes are undoubtedly produced 
in most other organs. We compared the 
dye test with two others based on pigment 
metabolism, namely, the bilirubin concen- 
tration in the blood and the urobilinogen 
excretion in the urine; the former by the 
method of Meulengratsch, the latter by 
the technique of Wallace and Diamond.*® 
It may be said in passing that this brom- 
sulphalein dye test has been very well 
accepted as being very delicately sensitive 
and highly specific in detecting injury to 
the liver, especially that kind which is at 
present under consideration.**-42: ** We 
found that half an hour of chloroform 
anesthesia produced a transient biliru- 
binemia and urobiligenuria that returned 
to normal in three days. The bromsulph- 
alein test, however, showed dye retention 
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for eight days. With two hours of chloro- 
form, the icterus index rose to 11 on the 
following day and required ten days to 
return to normal. The urobiligen dilution 
index in the urine rose from the normal 
value of 5 to 100 on the following day, and 
also required ten days for a return to nor- 
mal values. The bromsulphalein test 
showed 100 per cent retention of dye in the 
blood (fifteen minutes after its injection) 
for the first two days after chloroform and 
required six weeks for recovery. These 
observations demonstrate that the dye test 
affords a much more sensitive index of 
injury to the liver cells than do estimations 
of bile pigments in the blood and urine. 
We stated that chloroform poisoning is 
synonymous with chloroform anesthesia. 
With ether we found that there is always 
a slight impairment of function as shown 
by the bromsulphalein test, although no 
abnormalities in urobilinogen excretion 
and no increase in bilirubin in the blood 
occurred. Even half an hour of ether anes- 
thesia produces demonstrable functional 
impairment with the bromsulphalein test, 
and longer periods of anesthesia cause 
proportionally increased degrees of injury. 
The striking difference between the ether 
and chloroform results is that with the 
former the animal has returned to normal 
the next day, while with chloroform the 
harm continues to progress and does not 
reach a maximum until the day after the 
anesthesia. Our experiments with nitrous 
oxide, as well as with ethylene, showed 
that when sufficient oxygen is supplied, 
anesthesia from one to two hours produced 
neither immediate nor delayed impairment 
of hepatic function, whereas when these 
gases were administered in such a manner 
that considerable cyanosis was present, we 
found that all the animals sustained an 
immediate impairment of function, which 
did not return to normal the next day as 
with ether, but required several days for 
recovery. There was also an increase in 


the blood bilirubin for two or three days 
following the experiment. These experi- 
ments should teach us very carefully to 
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avoid cyanosis in anesthesia, and it is of 
interest to note that Koehler, Brunquist 
and Loevenhart** have shown that de- 
liberately produced anoxemia in _ hogs 
causes a more marked acidosis than has 
ever been seen otherwise. 

Employing the same _ bromsulphalein 
test, the effects of a number of other anes- 
thetics on liver function have been studied 
from time to time. Amytal,*‘ a representa- 
tive barbiturate, given to dogs in doses 
from 40 to 60 mg. per Kg. of body weight, 
producing complete anesthesia, caused 
very slight dye retention in the blood, and 
there was no evidence of delayed action. 
In human cases there was no dye retention 
following the administration of 1 gram of 
amytal. 

Avertin® administered to dogs in doses 
of 500 mg. per Kg. of body weight produces 
slight and transient but no delayed liver 
damage, and in human cases there was no 
dye retention twenty-four hours after the 
administration of 100 mg. per Kg. Re- 
peated administration of avertin in normal 
dogs produces only a mild parenchymatous 
degeneration of the liver and kidneys,“ 
and when the dog’s liver is purposely 
damaged by chloroform, the additional 
damage done by avertin is slight and varies 
in proportion to the severity of the damage 
previously produced by chloroform. This 
added liver damage disappears within 
twenty-four to forty-eight hours and does 
not affect the total period of recovery from 
chloroform poisoning. Repeated*’ ad- 
ministrations of avertin in man—one indi- 
vidual on 22 occasions over a period of less 
than ten weeks; another, 11 times during 
sixteen months—were followed by no ap- 
preciable liver damage. Kaczander* deter- 
mined the bilirubin content of the blood 
of 9 subjects before, during and from one 
to eight days after avertin narcosis, and 
found in no case any variation from normal 
limits. He concluded that avertin does 
not have a toxic action on the liver. ~ 

Similarly, vinyl ether® has been studied 
and proved as not altering the liver func- 
tion appreciably in dogs. In those experi- 
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ments where cyanosis was a feature of the 
anesthesia, moderate liver damage oc- 
curred, thought to be due to the associated 
anoxemia. Vinyl ether anesthesia did not 
enhance the liver function damage pro- 
duced previously by the inhalation of 
chloroform, nor does it delay the period of 
recovery from this damage. At the same 
time it was found that the effect of vinyl 
ether anesthesia upon liver function in 
partially starved dogs is not appreciably 
different from that produced in normal 
animals. The bromsulphalein dye test for 
liver function has been applied in obstet- 
rical anesthesia*! produced by vinyl ether, a 
comparison being made with that of chloro- 
form. The dye retention in the chloroform 
cases indicated definite liver impairment, 
whereas the administration of vinyl ether 
under identical circumstances was followed 
by practically no liver dysfunction. 
Goldschmidt, Ravdin and Lucke®? have 
made a comparison of the relative incidence 
of liver necrosis in dogs anesthetised in a 
semiclosed system, when the anesthetic 
was volatilized with air and when it was 
volatilized with oxygen. They showed that 
the use of oxygen with either viny! ether 
or chloroform is a potent factor in the 
reduction of postanesthetic liver necrosis. 
With them, vinyl ether did not cause liver 
necrosis in dogs until the anesthesia was 
maintained for a three hour period. The 
incidence of such necrosis was nearly twice 
as high when the anesthetic was volatilized 
with air as with oxygen; whereas the in- 
cidence of liver necrosis following one hour 
of chloroform anesthesia was approxi- 
mately ten times as great when the anes- 
thetic was volatilized with air as with 
oxygen. Such a recent publication on the 
beneficial use of oxygen is timely, because 
it has not been emphasized sufficiently, 
although some mention sporadically has 
been made ever since the days of Offer- 
geld,®** who recommended that the best 
method of preventing the accidents of 
delayed chloroform poisoning is the ad- 
ministration of oxygen with the chloroform. 
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It would seem that cyclopropane anes- 
thesia is absolutely free from the possibility 
of producing any interference with liver 
function for the simple reason that an 
abundance of oxygen is used along with 
this gas anesthetic. This has been proved 
by experiments on dogs,** the data of 
which show that cyclopropane anesthesia 
does not damage the normal liver, even 
after repeated administrations, or after 
long periods; that it does not enhance the 
liver damage purposely produced by chloro- 
form nor impede the usual recovery of the 
liver from chloroform poisoning, even when 
the cyclopropane anesthesia is prolonged; 
and that it does not cause liver impairment 
in starved dogs, even after a three hour 
period of anesthesia. Furthermore, the 
bromsulphalein dye test was carried out in 
three normal obstetrical cases, and in one 
of eclampsia. Practically no dye was 
retained in the blood of the normal women 
when the test was applied about twenty- 
four hours after the administration of 
cyclopropane. As the liver of the eclamptic 
woman was damaged to an extent of more 
than 55 per cent before delivery, the dam- 
age was not enhanced by cyclopropane, 
there being less than 50 per cent dye 
retention in her blood twenty-two hours 
after anesthesia. 

Disturbances in nitrogenous, carbohy- 
drate and fat metabolism by anesthetics 
have been the subject of numerous investi- 
gations ever since the days of Strassmann.’ 
There is apt to be a marked increase in 
protein catabolism and elimination of ni- 
trogen, sulphur and phosphorus com- 
pounds. The majority of investigators 
report hyperglycemia after all forms of 
narcosis, and Roscher*® reports its occur- 
rence even after local anesthesia. Naturally 
increased postoperative blood sugar has 
been placed in causal relationship with the 
acidosis of anesthesia and attributed to 
limitation of oxidation. Roscher shows that 
ether and chloroform narcosis, and novo- 
caine-adrenalin anesthesia cause a decrease 
in liver glycogen. It is believed that fat 
and certain amino-acids give rise to the 
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production of ketone bodies. In a report on 
the influence of fasting and various diets 
on the liver injury effected by chloroform 
anesthesia, Davis and Whipple” state that 
the degree of chloroform injury seems to 
depend not only on the amount of chloro- 
form absorbed, but on the subject’s nutri- 
tion. They offer no adequate explanation 
for the protective or injurious effects of any 
diet in modifying the action of chloroform. 
Carbohydrates build up the liver glycogen. 
Whatever the protective action may be, it 
certainly seems to be built up by the body 
and does not lie in the foods as such. They 
found that starved animals were very sus- 
ceptible to liver injury. Sugar and diets 
rich in carbohydrates, fed in the days 
preceding chloroform anesthesia, exert a 
marked protective action against liver 
injury. Milk, too, affords considerable 
protection. Davis, Hall and Whipple®* have 
shown that the feeding of sugar very mate- 
rially lessens the urinary nitrogen excre- 
tion, and the liver repair is much more 
rapid. Recently, Renshiro Inami** has 
reported that nitrous oxide, ether and 
chloroform anesthesias all cause an in- 
creased destruction of protein in rabbits, as 
shown by the increased urine nitrogen and 
the increased non-protein nitrogen of the 
blood. The maximum change is obtained 
in SIX, four and two hours, respectively; 
that is, the most toxic drug attains its 
maximal effect soonest. The degree of 
narcosis is more important in causing this 
increased catabolism than is the duration 
of anesthesia or quantity of material used. 
He finds that chloroform damages the 
rabbit’s kidney. In his clinical studies he 
finds very similar effects. These, too, de- 
pend upon depth of anesthesia rather than 
on duration or quantity. Chloroform causes 
kidney injury in man. 

Bollman and Mann have found that 
after total removal of the liver, uric acid 
formation in the dog is unimpaired, but 
the destruction of uric acid and the forma- 
tion of allantoin are entirely prevented. 
They had previously stated that the best 
test of functional deficiency of the liver 
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in the dog which has been found is based 
on the facts that destruction of uric acid 
depends on the liver, that this is the most 
easily injured of the known functions of 
the liver, and that the amount of uric acid 
secreted in the urine appears to bear a 
definite relation to hepatic damage. This 
test is easily performed by determining 
the amount of uric acid eliminated in the 
urine during a standard period of time 
following the ingestion of a standard meal 
with a high content of purine. Whether 
or not such a test will be of value in man 
remains to be proved. 

Finally, in connection with metabolism, 
it is of exceptional interest to note that 
recently Forsgren®*! has brought forward 
the information that in rabbits, and prob- 
ably also in man, assimilatory processes— 
glycogen formation, protein, and possibly 
water retention—occur chiefly during the 
night, while the secretory processes—bile 
and urea formation—predominate during 
the day. It is also supposed that the great- 
est heat production in the liver occurs 
during the secretory phase. He discusses the 
practical significance of this diurnal rhythm. 


CONCLUSION 


It can be said that, with the exception of 
cyclopropane, all anesthetics may cause 
some impairment of liver function. But 
this should not be taken too seriously, 
except in the case of chloroform, in view 
of the facts that nowadays one is able to 
evaluate surgical risks with excellent pre- 
cision, there are so many anesthetic agents 
and methods from which to choose, and 
we have at our disposal a considerable 
number of preventative and alleviatory 
measures, particularly the use of oxygen. 
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VENTRICULAR FIBRILLATION IN ANESTHESIA* 


ArTHUR E, GUEDEL, M.D. AND Peter K. KNOEFEL, M.D. 
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Case1. Aphysician administered chloroform 
to an eighteen year old girl in her home. As 
soon as anesthesia had passed through the 
stage of delirium into surgical anesthesia, he 
hurried around to the other end of the table 
and divulsed her spastic anal sphincter. He was 
probably a minute at the divulsion after which 
he returned to the head of the patient to find 
her dead... . 


ARDIAC ventricular fibrillation is a 
worm-like movement of the ven- 
tricular muscle with the heart in 
full diastole. It consists of an unsynchron- 
ized contraction and relaxation of the 
individual muscle fibers, providing no cir- 
culation of blood. Its occurrence depends 
upon an increased activity of the sym- 
pathetic nervous system and the resultant 
increase of adrenin in the blood, together 
with a probable increase in the irritability 
of the ventricular muscle itself. The ad- 
renin may be poured into the _ blood 
stream by the suprarenal glands or epine- 
phrine may be introduced from without. 
Death from ventricular fibrillation is due 
to cardiac anoxia. If the fibrillation 
passes before the reserve oxygen in the 
heart tissues is consumed, the heart will 
regain its normal activity almost immedi- 
ately. If, however, the fibrillation persists 
until the reserve oxygen is so depleted 
that anoxic depression prevents the rees- 
tablishment of normal cardiac activity, the 
heart will fail to contract again. 
Ventricular fibrillation occurs without 
warning. Probably it either passes in less 
than a minute or death results. 
The approach to a surgical operation 
and the induction of anesthesia provide 
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favorable circumstances for the occurrence 
of ventricular fibrillation. Emotional ex- 
citement, as fear, produces an increased 
activity of the sympathetic nervous system 
and consequently an increased output of 
adrenin from the suprarenals. This sets 
the stage for fibrillation in response to 
any added stimulus such as the delirium 
of the second stage of anesthesia, noises 
or any physical disturbance of the patient 
during the induction period. There is no 
doubt that many anesthetic deaths form- 
erly ascribed to other causes are due to 
ventricular fibrillation. 

The most likely place in anesthesia for 
the occurrence of ventricular fibrillation 
is in the stage of delirium, immediately 
after consciousness is lost. It is here that 
the peak of sympathetic hyperactivity is 
reached. It has been shown that there is 
an increased adrenin output from the 
suprarenals during anesthesia. However, 
this increase probably becomes less as 
anesthesia progresses in time or into the 
deeper stages. 

Ventricular fibrillation is most likely to 
occur in the periods of life when general 
physiological activity is greatest, that is, 
between the ages of five and thirty years. 

Clinical recognition of the phenomenon 
depends largely upon the appreciation of 
predisposing circumstances surrounding the 
case at hand. If the pulse stops without 
warning during the induction of anesthesia, 
the cause is probably ventricular fibrilla- 
tion. Respiration stops almost immediately 
after the ventricles fibrillate. Unless the 
anesthetist has his finger on the pulse 
constantly, fibrillation will be well ad- 


* The above article is excerpted from material which will shortly appear in the author’s book “Inhalation 
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vanced before it is recognized. The respira- 
tory cessation will likely be mistaken for 
one of the frequent respiratory pauses 
occurring at this stage of anesthesia and 
death occurs almost before the anesthetist 
is aware that anything is wrong. 

If during any period of light anesthesia, 
when epinephrine is being used by the 
surgeon for hemostasis, the pulse stops 
without warning, there is probably a 
ventricular fibrillation. 

Embolism, acute cardiac dilatation and 
apoplexy might be confused with ventric- 
ular fibrillation, although in none of these 
will the pulse go from normal to nothing 
between two heart beats. 


TREATMENT 


Artificial respiration with oxygen should 
be instituted immediately because one 
can never be sure at the time that circula- 
tion has ceased entirely. If the abdomen 
is open at the time of fibrillation, circula- 
tion may be maintained by rhythmic 
compression of the heart between the an- 
terior thoracic wall and the hand, through 
the diaphragm. This direct cardiac mas- 
sage, in the presence of adequate artificial 
respiration with oxygen, will prevent seri- 
ous anoxemia for from half an hour to an 
hour, or even longer. If the fibrillation 
should pass during this period, it is more 
than likely that a normal rhythm would 
be reestablished. Ventricular fibrillation 
is preeminently the condition in which 
direct cardiac massage is indicated. If the 
condition is recognized immediately it 
occurs, opening the abdomen in order to 
prosecute this procedure is justifiable. 

Ventricular fibrillation which does not 
pass in less than a minute is usually fatal, 
although the fibrillation itself may continue 
for many minutes beyond this period. 
Probably short periods of ventricular fibril- 
lation with spontaneous recovery of normal 
rhythm have occurred many times without 
being recognized. 

In the light of the foregoing it would 
seem that there is nothing to be done about 
ventricular fibrillation, once it is started, 
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but to maintain artificial circulation by 
direct cardiac massage, in the presence of 
artificial respiration with pure oxygen, in 
the hope that the fibrillation might pass 
of its own accord. 


PREVENTION 


This lies in holding down the activity 
of the sympathetic nervous system and 
thus the output of adrenin from the 
suprarenals, and the avoidance of any 
external stimuli during the induction of 
anesthesia. 

Any preanesthetic medication which 
will prevent sympathetic hyperactivity is 
of value. Morphine fails to do this. Deaths 
have occurred from ventricular fibrillation 
in individuals who had received the usual 
preanesthetic dose of morphine. 

The barbituric acid derivatives are ef- 
fective depressants of the sympathetic 
nervous system. They render the produc- 
tion of fibrillation in animals more difficult 
and are no doubt of the same value in 
man. The degree of protection afforded by 
these drugs is in proportion to the dose 
administered. 

Atropine and scopolamine are of value 
in that they prevent reflexly excited ac- 
tivity of the cardiac vagus from deranging 
the normal gradient of cardiac excitability. 

Too much emphasis cannot be placed 
upon the necessity of avoiding any dis- 
turbance of the patient during induction. 
Such things as beginning the preparation 
of the operative field, or the surgical pro- 
cedure itself, before anesthesia is complete, 
are dangerous. Knowing the danger zone 
to be the second stage of anesthesia, we 
must carry anesthesia through this stage 
as rapidly as possible. 

The use of epinephrine in amounts sufli- 
cient to control bleeding during general 
anesthesia is to be condemned. When 
epinephrine must be used in the surgical 
procedure it should be used sparingly. 
Deeper anesthesia is here indicated in 
order to reduce activity of the sympathetic 
nervous system. But even in deep surgical 
anesthesia it is possible to introduce enough 
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epinephrine into the blood stream to pro- 
duce ventricular fibrillation. 

Levy showed, and it has since been noted 
by others, that ventricular fibrillation is 
produced much more easily under anes- 
thesia with chloroform, than with other 
anesthetic agents. Published discussions of 
the relationship between chloroform and 
ventricular fibrillation have been such as 
seemingly to absolve the other anesthetic 
agents from participation in the production 
of the phenomenon. The other agents can- 
not be absolved from blame. Although 
chloroform is the greatest offender, ven- 
tricular fibrillation must be considered a 
potential danger in every anesthesia, no 
matter what agent is used. 

Aside from placing chloroform first and 
ethyl chloride possibly second, we cannot 
classify the other anesthetic drugs with 
relation to the frequency of occurrence of 
this phenomenon. 


ILLUSTRATIVE CASES 


Case 1. (Year 1931.) Donald, the seven 
year old son of a prominent physician, was 
having an emergency myringotomy; and 
Donald was full of fear. About his couch were 
his father, a neighbor, the myringotomist and 
the anesthetist. The myringotomist, with his 
lancet poised, gave the signal and the anes- 
thetist went to work. Donald struggled. The 
stream of ethyl chloride was too small and the 
anesthetic induction progressed too slowly. A 
full minute was consumed at induction, at 
the end of which time the neighbor was sweat- 
ing, the myringotomist was shifting from foot 
to foot and the father was maintaining an 
enforced calm dignity but with an anxious 
look in his eye. The embarrassed anesthetist 
gave way to the feelings of the gallery and as 
soon as Donald ceased struggling, said ‘Go 
ahead.” It was too soon. With the ear drum 
incised, the anesthetist stood up and, heaving 
a sigh of relief, said “I’m glad that’s over.” 
Then he looked at the boy. The boy looked 
dead. 

Respiration? None. Color? Flat gray with 
mottled cyanosis. The anesthetist quickly 
listened with ear to chest. There were no heart 
sounds. The patient was jerked up by the feet 
and while hanging thus, his precordium was 
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vigorously pounded for perhaps fifteen seconds. 
Then he breathed. Another application of ear 
to chest revealed rapid though normal heart 
sounds. Not more than thirty seconds had 
elapsed since the myringotomy. In a minute 
more he was awake and crying. 


DISCUSSION. The anesthetist was to 
blame for permitting the painful operation 
before the child was sufficiently anes- 
thetised. The clumsy induction with the 
fearful struggling had set the stage well 
for ventricular fibrillation, with sympa- 
thetic activity at its peak and blood adre- 
nin high. The incision provided the 
required added stimulus to produce the 
fibrillation. The fibrillation passed before 
anoxic depression rendered the heart 
unresponsive to its normal stimulus. It is 
doubtful whether or not the violent resusci- 
tative measures influenced the outcome. 
Probably the fibrillation passed in spite 
of the traumatic stimulation. 


Case 1. (Year 1936.) A thirty-three year 
old devout Catholic was brought to the operat- 
ing room of a Protestant hospital at nine o’clock 
one morning for the surgical abortion of a two 
month’s pregnancy. Two previous classical 
cesarean sections, two living children, and the 
physician’s fear of uterine rupture in the next 
labor were reasons for the abortion. 

She entered the hospital at seven thirty 
o’clock and received morphine gr. 14 with 
atropine gr. 1459 at eight o’clock. The surgeon, 
her close friend, chatted with her reassuringly 
for a moment as she lay on the operating table. 
Her attitude was almost too calm. 

After about fifteen seconds of cyclopropane 
(four or five breaths) she uttered a muffled 
scream, thrust her arms into the air, became 
rigid for possibly three seconds, then relaxed 
and took one deep inspiration. Guessing 
“ventricular fibrillation,” the anesthetist 
quickly sought the carotid pulse. It was not 
there. Ear to precordium revealed no heart 
sounds. Vigorous precordial massage, with 
artificial respiration of oxygen was instituted 
at once. These and all other resuscitative 
measures failed. 


What was the psychic 
state of this woman with reference to the 
proposed operation? Her calm self control 
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was that of a dominant will. It was later 
learned that she was like that. But will 
power cannot control sympathetic activity 
and her fibrillation stage was set, without 
doubt, before the anesthesia was started. 
An emotional upheaval as anesthesia 
reached the delirium stage, set off the 
mechanism. 


Case iv. (Year 1921.) A thirty year old 
virile business man was to have a tonsil- 
lectomy and a resection of the nasal septum 
under general anesthesia. The preanesthetic 
medication was morphine gr. }4 with atropine 
gr. 1459. To control the bleeding during the 
septum operation, the nares were packed with 
gauze saturated with 1-1000 “adrenaline” 
before the drop ether anesthesia was started. 
Four or five minutes after the induction was 
begun, at about the time of the second stage 
of anesthesia, he suddenly became restless, 
took two or three deep breaths and died. 


DISCUSSION. Hyperactivity of the sym- 
pathetic nervous system with its resultant 
outpouring of adrenin from the supra- 
renals, plus the “adrenalin” absorbed from 
the nasal pack, prepared the way for this 
fibrillation. The mechanism which pro- 
voked the fibrillation could have been a 
terrorizing dream as the delirium stage 
of anesthesia was reached, or it could have 
been simply the combination of peak ac- 
tivity of the sympathetic nervous system 
together with an overload of epinephrine 
in the blood. 

Necropsy showed no cause for death. 


Casev. (Year 1921.) A thirty-two year old 
woman was having a frontal sinus operation 
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under ether anesthesia. With the anterior 
sinus wall removed, the bleeding was obscuring 
the field, and the surgeon was sloshing 1—1000 
“adrenalin” into the sinus to control the 
bleeding. It was fairly effective but a lot of 
sloshing was required. About half an ounce of 
“adrenalin” was used before the patient 
suddenly died. Necropsy disclosed no cause for 


death. 


DISCUSSION. There could have been no 
provocative stimulus here. It was just a 
case of too much epinephrine with possibly 
a lightening of the anesthesia at the time 
of fibrillation. 


Case vi. (Year about 1908.) This was in 
the day when deaths under chloroform anes- 
thesia were attributed to a direct toxic depres- 
sion of the heart by the chloroform. The patient, 
a sturdy young mechanic, had received strych- 
nine sulfate gr. 149 prior to the anesthesia to 
support the heart against the chloroform. The 
operation was the breaking down of a fibrous 
ankylosis of the knee joint. After administering 
chloroform to light anesthesia, the physician 
hurried around to the side of the table and 
broke down the ankylosis. Not more than a 
minute was consumed in the operation but the 
patient was dead when it was finished. 


DISCUSSION. In this case as well as in 
the case cited in the opening paragraph of 
this article, the answer is a combination 
of sympathetic hyperactivity, high adre- 
nin in the blood and a heightened irrita- 
bility of the ventricular muscle itself by 
the chloroform, plus the heavy traumatism 
under an insufficiently deep anesthesia. 
There was no necropsy in either case. 


HE great advances in surgery of the 
past fifty years have been due to a 
remarkable cooperation obtained from 
a variety of separate fields of research. 
Next to aseptic and antiseptic surgical 
technique, perhaps no single field of ther- 
apeutics has contributed more to the com- 
fort of the patient undergoing surgery than 
has local anesthesia. In 1880, the phar- 
macologist, von Anrep,’ discovered the 
local anesthetic properties of cocaine HCI 
when its aqueous solutions were injected 
subcutaneously and_ therefore recom- 
mended its use for this purpose. However, 
it was not until after Koller?’ reported his 
experimental and clinical results in surgery 
of the eye, in 1884, that local anesthesia 
came into clinical use. In contrast to its 
modest beginnings, and to appreciate its 
common use today, one has only to look 
at the statistical reports of a surgical insti- 
tute such as the Mayo Clinic,*® to note 
that local anesthesia is employed, wholly 
or in part, in over 50 per cent of patients to 
whom anesthetic agents are administered. 

The reasons for this growth in use are 
several. Perhaps, first of all, comes ease 
of administration as compared with in- 
halation anesthesia. Again for surgery of a 
part of the body, a local anesthesia is to 
be preferred to a complete whole anesthesia 
of the body. There is the unpleasant ele- 
ment with general anesthetics of bodily 
injury, such as disturbances of acid base 
balance, and possible injury to important 
organs such as the liver, heart and kidneys. 
These, as a rule, are minimized by local 
anesthesia. There is the element of shock; 
an unsatisfactory general anesthesia may 
be much more dangerous from this stand- 
point than a local anesthesia. 


APPLIED PHARMACOLOGY OF LOCAL ANESTHETICS* 


RAYMOND N. M.D., PH.D. 


Associate Professor of Pharmacology, University of Minnesota Medical School 
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LOCAL ANESTHETIC ACTION 


The local anesthetics in common use 
today are all alkaloids. Most of them are 
synthetic preparations. The alkaloidal 
bases are all highly lipoid soluble, which 
means that they can be taken up by lipoid 
nerve structures. They can all be prepared 
as water soluble salts. The aqueous solu- 
tions for clinical use must be non-irritant. 
When a solution of suitable concentration 
of a local anesthetic is applied or injected 
into a living body there occurs what ap- 
pears to be a local selective action on any 
part of a nerve fiber or even a nerve cell. 
This is the basis for the local anesthetic 
action. Certain chemical and _physico- 
chemical properties of local anesthetics, 
many of which have been described and 
studied, play a role in the development of 
this action. One of the most important 
factors is probably associated with the 
hydrolysis of local anesthetic salts in solu- 
tion produced by even small amounts of 
alkali, as are present in most tissue fluids. 
This hydrolysis liberates the alkaloidal 
base which can then be taken up more 
readily by the nerve structures. That the 
presence of acid seems to inhibit local 
anesthesia is shown by the fact that it is 
difficult to anesthetize acute abscesses, and 
by the fact, according to Gerlough,” that 
a 0.25 per cent butyn solution at a pH of 
5.5 to 6 produces very little anesthesia of 
the rabbits’ cornea. The same concentra- 
tion of butyn at a pH of 7.4, however, 
produces a very considerable duration of 
anesthesia. The decreased hydrolysis pro- 
duced by acid could easily explain these 
anesthetic changes. Another important 
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factor in the production of local anesthesia 
is undoubtedly ionization of the alkaloidal 
salt which produces an ion of the anesthetic 
base carrying a + electric charge. A nerve 
structure carrying a — electric charge 
should then readily take up this ion. 

The local anesthetic action produced by 
the drugs of this series is a complete depres- 
sion of the function of a nerve structure. It 
occurs without a previous stimulation, and 
it later subsides and the function of the 
nerve returns again to normal. The selec- 
tive action of the local anesthetics on 
nervous tissue is not a uniform depression, 
however. This has been demonstrated on 
the isolated saphenous nerve of the cat 
by Heinbecker, Bishop and O’Leary.*! In 
their experiments, the first action potential 
to disappear was that from unmyelinated 
fibers; the second, the potential from the 
smallest thinly myelinated fibers; the 
third, the potential from smaller relatively 
thinly myelinated fibers, and so on until 
the last potential to disappear came from 
the large thickly myelinated fibers. The 
corresponding loss of sensations observed 
by them was, first vasoconstriction, second 
temperature, third pain, fourth touch, and 
lastly joint and pressure sense. Obviously, 
a satisfactory local anesthesia must include 
at least the first three groups of fibers in 
order to eliminate pain. 

Further evidence of the selective action 
of local anesthetics can be obtained from 
the application of solutions to an isolated 
mixed nerve such as the sciatic. In frogs, 
Alms' showed many years ago that cocaine 
solutions produce a sensory anesthesia 
without paralysis of the motor fibers. It is 
commonly known today, however, that 
paralysis of motor fibers can be produced 
with sufficiently high concentrations, but 
that the depressant action on motor fibers 
is more difficult to obtain than the depres- 
sant or anesthetic action on sensory fibers. 
Gasser and Erlanger’ have shown that in 
the mixed nerves of frogs and dogs, cocaine 
produces a sensory anesthesia before motor 
paralysis. This differentiation they ascribe 
to the fact that the sensory nerve fibers, as 
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a rule, are smaller in diameter than motor 
nerve fibers. 

To determine the efficiency of local anes- 
thetics many methods for studying their 
comparative actions have been described. 
These are reviewed in most textbooks, by 
Munch** and also by Hirschfelder and 
Bieter.2*> To obtain comparative results 
most applicable to infiltration anesthesia, 
the best method of study is perhaps the 
method of producing intracutaneous wheal 
anesthesia in the human skin. This was 
introduced by Braun’ and has been exten- 
sively employed by many investigators and 
especially by Sollmann.‘! A small volume 
of the anesthetic solution, usually less than 
0.5 ¢.c., Is injected into the skin on the 
flexor surface of the human forearm. The 
minimal anesthetic concentration and 
the duration of anesthesia can be deter- 
mined with about as much accuracy as with 
other methods of testing anesthetics. Table 
1, taken from Sollmann, gives the duration of 
anesthesia produced by this method with 
a series of concentrations of procaine and 
cocaine, beginning with the minimal anes- 
thetic concentration. Solutions containing 
I per cent or less of these drugs alone pro- 
duce a very short anesthesia, almost too 
short for most surgical purposes. 

One of the chief special applications of 
local anesthesia which is of great interest 
and usefulness to anesthetists and surgeons 
is spinal anesthesia. This term was first 
used by Corning® in 1885, but it was not 
until after Bier* in 1899, first injected 
cocaine intraspinally in man that its clinical 
use began. Since that time spinal anesthesia 
has undergone waves of popularity with 
each new introduction of a local anesthetic. 
Within recent years much valuable in- 
formation on this form of anesthesia has 
been obtained. The selective action of local 
anesthetics administered intraspinally is 
again apparent but in a slightly different 
manner than outside the spinal canal. 
Heinbecker, Bishop and O’Leary”! in sur- 
gical patients have shown that the changes 
in sensations are as follows: (1) there occurs 
an increase in skin temperature, probably 
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associated with a paralytic effect on sym- 
pathetic vasoconstrictor fibers, (2) there 
is a loss of temperature and pain, (3) 
after a short interval motor paralysis 
occurs, and finally (4) there occurs a 


TABLE I 
DURATION OT SENSORY ANESTHESIA IN WHEALS 
(Compiled by Sollmann*') 


Per Cent Cocaine, Procaine, 

Solution Minutes Minutes 
0.031 5.0 2.0—- 8.5 
0.062 5.0- 7.0 6.5 
0.125 6.0-15.0 0.5-10.0 
0.25 8.0-14.0 5.0-10.0 
0.5 10.0-18.0 9.0-14.0 
1.0 20.0-25.0 12.0-17.0 
5.0 34.0-54.0 17.0-39.0 
27.0 


loss of joint, pressure and touch sensations. 
Emmett" has also reported that anesthesia 
to pain occurs before motor paralysis and 
disappears last. On the other hand, Bieter, 
Cunningham, Lenz and McNearney’ found 
that in the rabbit, motor paralysis occurs 
before sensory anesthesia and is the last 
to disappear and, furthermore, that the 
minimal anesthetic concentration is lower 
for motor paralysis than for sensory anes- 
thesia. This profound motor effect in spinal 
anesthesia is well known. The relaxation 
this affords, especially for surgery of the 
pelvis and lower abdomen is one of the chief 
advantages of this form of anesthesia. Why 
the intraspinal injection of local anes- 
thetics should produce such a marked 
motor paralysis as compared with their 
use outside of the subarachnoidal space 
is not known, unless it is due to the fact 
that extraspinally the nerves are sur- 
rounded by protective sheaths whereas 
intraspinally the nerve structures lie more 
or less bare. 

Data on the duration of spinal anes- 
thetics is almost completely lacking in the 
literature. Yet from the standpoint of the 
patient this must be one of the chief re- 
quirements of an anesthetic. Recently 
Bieter, McNearney, Cunningham and 
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Lenz® have reported on the duration of 
anesthesia produced by the intraspinal 
injection of six local anesthetics in the 
rabbit. They have found, as is the case 
elsewhere, that the duration increases with 
increasing concentrations of the local anes- 
thetics. This is confirmation of the opinion 
of Lundy.*! Table 1 shows the average 
duration of anesthesia produced by six 
concentrations of procaine HCl, as ob- 
tained by them. The first concentration is 
the minimal anesthetic dose and the last, 
the minimal lethal dose. By comparison 
with Table 1 it can be seen that the increase 
in duration of anesthesia, intraspinally, is 
more proportional to the -concentration 
than it is in the human skin. They sug- 
gested that this may indicate that systemic 
absorption from within the subarachnoidal 
space, at least in the rabbit, is slower than 
from within the human skin. Of the other 
frve local anesthetics studied by these 
investigators, tutocaine, panthesine and 
metycaine offer no advantage over procaine 
HCI as regards duration of anesthesia. On 
the other hand, both pontocaine and nuper- 
caine can produce an anesthesia last- 
ing from three to four times that of 
procaine HCI. 


PROLONGATION OF LOCAL ANESTHETIC 
ACTION 


Next to the introduction of the local 
anesthetics themselves, the greatest ad- 
vance in this field was made when Braun’ 


TABLE II 
SPINAL ANESTHESIA IN THE RABBIT WITH PROCAINE HCL® 


Per Cent Average Duration of 
Solution Sensory Anesthesia, Minutes 

0.9 (M.A.D.*) 16.0 

1.25 28.0 

2.5 45.0 

4.0 59.0 

5.0 72.0 

6.0 (M.L.D.7) 105.0 


* Minimal anesthetic dose. 
Tt Minimal lethal dose. 


in 1903 demonstrated that minute quan- 
tities of epinephrine added to local anes- 
thetic solutions greatly prolonged the 
duration of anesthesia for infiltration and 


New Series Vor. XXXIV, No. 3 


block injections. This was later confirmed 
by Sollmann*! who showed that for cocaine 
there was actually a potentiation, but for 
most of the remaining drugs he studied it 
was a simple prolongation. This beneficial 
lengthening of the anesthesia is very strik- 
ing with procaine. Epinephrine also pro- 
duces a prolongation of anesthesia with 
the more recently introduced local anes- 
thetics. This action is due to a local vaso- 
constriction produced by the epinephrine 
which greatly decreases the blood flow, 
thereby slowing the absorption. As a result, 
much smaller concentrations of the local 
anesthetics may be used, the resulting 
anesthesia is still greatly prolonged, and 
the danger of toxic symptoms occurring is 
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the forearm. The dosage per injection was 
0.2 c.c. The epinephrine resulted in a pro- 
longation of anesthesia of each drug three 
or more times. The least prolongation oc- 
curred with metycaine; a greater and 
almost equal prolongation occurred with 
procaine and cocaine; and the greatest 
effect occurred with panthesine. It is 
rather interesting to note that a uniform 
increase in duration, proportional to the 
epinephrine content, did not occur. The 
explanation of this variation may be, in 
part, that the more concentrated epine- 
phrine solutions tend to produce a local 
acidosis which hinders the continuance of 
the anesthesia.*” These results will be re- 
ported in detail elsewhere. 


TABLE III 


EFFECT OF EPINEPHRINE ON 


DURATION 


OF HUMAN WHEAL ANESTHESIA 


Epinephrine Content 


Drug, 0.125 Per Cent Solutions 
0, 1: 400,000, | 1: 200,000, | 1:100,000, | 1: 50,000, 
Minutes | Minutes | Minutes | Minutes | Minutes 
16.6 65.4 89.2 87.2 83.0 
18.5 54.8 68.5 59.5 71.9 
20.3 59.9 88.2 85.3 88.1 
20.6 84.2 125.1 111.8 04.2 


greatly reduced. The concentration of 
epinephrine ordinarily added to local anes- 
thetic solutions for this purpose ranges 
from I part in 50,000 to I part in 200,000 or 
even less. Experimental data obtained from 
the literature on the duration of anesthesia 
thus produced is summarized by Hirsch- 
felder and Bieter.”* 

For a number of years the author has 
been collecting data on this subject in 
class experiments on medical and dental 
students in the Laboratory of the Depart- 
ment of Pharmacology. Table 111 shows the 
average duration of anesthesia produced 
by four local anesthetics, without added 
epinephrine and with four concentrations 
of epinephrine. The data has been obtained 
from more than 750 individuals. The in- 
jections were made on the flexor side of 


Recently a new vasoconstrictor sub- 
stance has been prepared synthetically and 
introduced for use with local anesthetic 
solutions. It is 3,4-dihydroxy-phenyl-pro- 
panol-amine-HClI and is commonly called 
cobefrin hydrochloride. This drug, accord- 
ing to Tainter,‘4 has 42 the degree of 
pressor activity of epinephrine, and, in 
white rats, 143 the toxicity of epinephrine. 
It has been shown to prolong the local 
anesthetic action of procaine. A few intra- 
cutaneous wheal experiments with this 
drug have been conducted by the author 
using a concentration of cobefrin five times 
that used with epinephrine. From 6 to 10 
experiments were conducted with each 
concentration. These results are shown in 
Table 1v. As a general rule these concen- 
trations of cobefrin did not give as great 
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a prolongation of anesthesia as the cor- 
responding 14s concentrations of epine- 
phrine. Further experimental work on this 
substance is being conducted. 

Many other substances have been shown 
to potentiate the action of local anesthetics. 
Gros! first showed that sodium bicarbon- 
ate added to local anesthetic solutions 
shortened the incidence of anesthesia for 
isolated nerve trunks. Later Sollmann** 
showed that this salt increased the effi- 
ciency of cocaine and procaine eight times 
for motor fibers, and from two to four 
times for sensory fibers, in an isolated 
nerve. This action is due to a liberation of 
the anesthetic base by the sodium bicar- 
bonate which will then penetrate the nerve 
trunk more readily. Sollmann*! has also 
shown that this salt does not improve the 
efficiency of intracutaneous anesthesia and 
this probably holds for infiltration anes- 
thesia as well. However, as Sollmann** 
remarks, the addition of not more than 
0.5 per cent sodium bicarbonate to. local 
anesthetic solutions may be of value for 
block and spinal anesthesia. Recently 
Gwinn and Ferber” reported that sodium 
bicarbonate added to procaine solutions 
for mandibular block shortened both the 


TABLE Iv 
EFFECT OF COBEFRIN ON DURATION OF HUMAN WHEAL 
ANESTHESIA 


Cobefrin Content 
Drug, 
0.125 Per Cent 
Solutions 1:100,000, | 1: 40,000, | 1: 20,000, | 1:10,000, 
Minutes Minutes Minutes Minutes 
Procaine HCI. . 67 70 66 82 
Metycaine..... a 75 65 67 
Cocaine HCI... a 75 60 67 
Panthesine..... <s 105 136 71 


incidence and duration of the anesthesia 
in human patients, consequently little 
improvement was obtained. 

Finally it should be noted that there is a 
complete lack of proved, safe potentiating 
substances for use in spinal anesthesia. In 
this respect this latter field is still in an 
unsatisfactory stage comparable to ordi- 
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nary local anesthesia without epinephrine 
and cobefrin. 


TOXICITY 


Next to the production of a suitable non- 
irritant anesthesia, the most important 
property of a local anesthetic is its toxicity. 
Despite the fact that data is available on 
the toxicity in animals of all of the local 
anesthetics In common use, untoward 
reactions have occurred altogether too 
commonly. This is the opinion of the author 
based upon the reports of Mayer,** of the 
Local Anesthetic Committee of the Ameri- 
can Medical Association, and upon the 
reports of the new local anesthetic intro- 
ductions of recent years. It, therefore, is 
evident that there are no uniform rules 
easily available for determination of clini- 
cal dosage. The minimal lethal doses 
determined on animals are not the minimal 
lethal doses for patients. A very con- 
siderable reduction below these minimal 
lethal doses for clinical use is absolutely 
essential, because sick human beings are 
undoubtedly much more sensitive to the 
systemic effects of local anesthetics than 
are healthy normals. 

The Local Anesthetic Committee of the 
American Medical Association** has made 
several recommendations as regards safe 
doses of local anesthetics. Two of their 
recommended safe doses are: cocaine, I to 
1.5 grains and butyn 1 grain. In studying 
a summary of the available literature on 
lethal doses of the local anesthetics in 
animals (Hirschfelder and Bieter?*), 
appeared to the author that these total 
safe doses for patients were quite like the 
minimal lethal doses per kilogram of 
guinea-pig administered by subcutaneous 
injection. It is the opinion of the author, 
therefore, in the complete absence of any 
definite criteria for determining safe human 
dosages, that these minimal lethal doses 
from the guinea-pig be considered as total 
safe human doses in a manner similar to 
that recommended by Mayer.** Table v 
shows this data for eleven local anesthetics. 
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The table includes the range of lethal doses 
given in the compilation mentioned, as 
well as the average figure for each minimal 
lethal dose in the guinea-pig, from this 
compilation, as the total safe human dose, 
in milligrams and in grains, to be ad- 


TABLE v 
TABLE OF PROPOSED TOTAL SAFE HUMAN DOSES 
Prepared from compilation of minimal lethal doses, 
subcutaneous injections to guinea-pigs, by 
Hirschfelder and Bieter?* 


| 
| Average Total 
Safe Dose 
Range of Minimal] 
Lethal Doses in Intraspinally 
Mem. per Kg. of ; 
Drug Guinea-pi and into 
“PIs, Highly Vas- 
Subcutaneous cular Tissue 
Injection 
Megm.| Grains 
350-600 430 6-7 
200 200 3 
75-150 112 2 
60-100 72 I 
Phenacainc HC]............ 50- 60 53 I 
20- 80 50 I 
7.§- 15 11 16 


* Determined by comparison with data in other species of 
animals. 


ministered at any one time. It is to be 
noted that the total safe dose of procaine, 
in this table, is in agreement with that 
given by Hertzler.?* Certain discrepancies 
become apparent immediately. The safe 
dose of procaine for spinal anesthesia 
should be much smaller. The same should 
be true for injection of procaine into highly 
vascular areas. Therefore for spinal anes- 
thesia and for injection into highly vascular 
areas these safe doses should be cut in half. 
This reduction of the safe dose of procaine 
for spinal anesthesia is in agreement with 
the maximal safe dose of 200 milligrams of 
this drug employed by Lundy.*? It should 
be added that this table is to be con- 
sidered as a stepping stone to something 
better. 

That the toxicity of local anesthetics 
varies greatly, depending upon the method 
of application, is quite evident. Consider 
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procaine for example. A few average subcu- 
taneous minimal lethal doses per kilogram 
of body weight are: for the guinea-pig 

430 mgm., rabbit 460 mgm., and cat 450 
mgm. By means of intravenous injections 
the minimal lethal doses become 50 mgm., 
55 mgm., and 45 mgm., for these species 
respectively. Similar differences are to be 
noted with other local anesthetics. Greater 
care should therefore be utilized when the 
local anesthetics are applied to highly 
vascular areas such as the nose, throat and 
urethra, than, for example, the abdominal 
wall. This is also evident from the report 
of Mayer,** which included more deaths 
following the application of local anes- 
thetics to the throat and urethra than to 
other parts of the body. 

The systemic toxic effects of local 
anesthetics appear to be due primarily to 
three main actions, the most important 
being on the respiratory center. Relatively 
small doses of most of the local anesthetics 
entering the blood stream cause a stimula- 
tion of this center, whereas larger doses 
cause a depression which ultimately be- 
comes a paralysis. This is perhaps the chief 
cause of death. This action, experimentally, 
is most commonly produced by procaine, 
cocaine, metycaine, panthesine, tutocaine, 
butyn and perhaps pontocaine. A second 
action is on the circulation where again 
there may first appear a simulation with a 
rise of blood pressure, followed by a depres- 
sion with a marked fall of blood pressure. 
The most toxic for this system, appears to 
be nupercaine which, according to Lip- 
schitz and Laubender,”’ most commonly 
produces death by cardiac depression, in 
rabbits. The third action appears to be 
due to an action on the cerebrospinal 
system. It is manifest by the production 
of convulsions, which may later give way 
to marked depression and death probably 
from exhaustion. All of the local anesthetics 
can produce this effect. 

At the present time many of these 
reactions can be prevented. The addition 
of epinephrine to local anesthetic solutions 
for infiltration and nerve block is one of 
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the most important factors to decrease or 
slow absorption. This one improvement in 
local anesthesia has perhaps done more to 
render local anesthesia prolonged and safe 
than any other factor, except the substitu- 
tion of the relatively less toxic procaine for 
the other members of the group for injec- 
tion anesthesia. The use of epinephrine, 
however, is not entirely free of danger. 
Serafin*® has reported that a concentration 
of 1:20,000 epinephrine in 2 per cent pro- 
caine HCI solution may produce local 
death of tissue. It is the opinion of Soll- 
mann* that for most surgical purposes the 
maximum concentration should not exceed 
1:50,000. The total dose of epinephrine 
injected should be no more than one milli- 
gram (Mayer**). A larger dose, especially 
in excitable or susceptible patients, may 
produce the minor toxic symptoms of the 
drug such as anxiety, tremors, nervousness, 
palpitation, etc. Due to the synergism 
between epinephrine and the local anes- 
thetics, especially cocaine, these symptoms 
may therefore become more severe. 


In place of epinephrine the new vaso- 
constrictor, cobefrin, may be added to 
local anesthetic solutions for injection. 
This drug also delays absorption and there- 
fore should also reduce possible toxic 


reactions. The maximum concentration 
that is safe to use has, as yet, not been 
determined. The recommended concentra- 
tions for preliminary study are about five 
times that of epinephrine. Because Tain- 
ter** has shown that it is much less toxic 
than epinephrine, it may, in the above 
concentrations, be less dangerous than 
epinephrine. Furthermore, Winter“ cites 
some experimental evidence to indicate 
that novocaine plus epinephrine, intra- 
venously in rats, is more toxic than the 
same concentration of novocaine plus five 
times the concentration of cobefrin. Addi- 
tional pharmacological work and further 
confirmation is much to be desired. 
Another important procedure in the 
prevention of toxic reactions is the pre- 
liminary administration of a member of the 
barbituric acid group of hypnotics. Other 
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hypnotics had been shown previously to 
confer some protection to animals. The 
importance of this action, however, was 
not properly emphasized, until Tatum, 
Atkinson and Collins*:“* demonstrated 
that a member of the barbital group could 
actually raise the lethal dose of cocaine in 
animals. This protection increased with 
increasing brain development so was there- 
fore greatest in monkeys. Later, Knoefel, 
Herwick and Loevenhart” confirmed these 
observations and showed that sodium 
amytal conferred a greater degree of pro- 
tection than either sodium barbital or 
sodium phenobarbital. These findings have 
been repeatedly confirmed by reports of 
the clinical use of the barbital hypnotics 
preliminary to the administration of local 
anesthetics. These hypnotic drugs have 
greatly reduced the incidence of toxic 
symptoms. 

The destruction and elimination of loca] 
anesthetics occurs chiefly in the liver and 
kidneys. It was shown by Hatcher and 
Eggleston” that a fatal dose of procaine 
for a cat was destroyed in about twenty 
minutes by the animal’s liver. With 
cocaine the destruction required from three 
to four times as long a time interval. This 
problem has recently been reinvestigated 
by Dunlap" in the dog. In this animal the 
liver also produced the most rapid detoxi- 
fication of procaine, although he obtained 
evidence that other tissues can do likewise 
at a much slower rate. He found further 
that complete destruction required about 
one hour. MacDonald and Israels,** work- 
ing on cats, found about the same time to 
be necessary, and also recorded the marked 
slowness with which cocaine was destroyed 
and eliminated by the cat’s body. From 
the available data, it appears that the 
other local anesthetics are destroyed and 
eliminated somewhat slower than procaine, 
but faster than cocaine. The use of local 
anesthetics in patients with liver disease is 
therefore not without danger. 

The toxic symptoms of intraspinally 
injected local anesthetics are somewhat 
different from those produced by other 
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methods of administration, and therefore 
merit special consideration. Our knowledge 
of the factors involved is due chiefly to 
the work of Ferguson and North,” Co Tui 
and Standard,!? Seevers and Waters,*® and 
Johnston and Henderson.** Following the 
lumbar injection of a local anesthetic, some 
of the spinal fluid containing the local 
anesthetic rises to the thoracic region and 
occasionally to the cervical region. Coinci- 
dent with this rise of the anesthetic there 
occurs an increasing reduction of respira- 
tory excursions and a sharp drop in blood 
pressure. The decreased respiratory ex- 
cursions are due to an ascending paralysis 
of the intercostal nerve structures within 
the subarachnoidal space. The drop in 
blood pressure is probably due to a number 
of factors, such as a paralysis, within the 
subarachnoidal space, of the rami com- 
municantes to the sympathetic chains; a 
paralysis, in the cervical portion of the 
subarachnoidal space, of cardiac accelera- 
tor fibers; an interference with oxygenation 
of the whole body due to the lessened 
respiratory activity; and a local decrease 
in circulation due to the marked relaxation 
of muscles produced in the lower half to 
two-thirds of the body. 

The occurrence of other toxic manifesta- 
tions in man have been collected and 
reported by Koster and Weintrob.” Similar 
symptoms have been reported as occurring 
in the dog by other investigators. In the 
rabbit, Bieter, Cunningham, Lenz and 
McNearney® have reported that lethal 
concentrations of the six local anesthetics 
studied by them commonly produce perma- 
nent paralyses of the muscles of the lower 
extremities. In addition they observed 
other irritative or toxic symptoms such 
as ocular complications, convulsions and 
spasticities of the head, neck and forelegs. 
This last named group of complications 
occurred most commonly with pontocaine 
and nupercaine, to a lesser extent with 
metycaine, panthesine and tutocaine, but 
never with procaine. 

The common cause of death in spinal 
anesthesia has been ascribed by Johnston 


Bieter—Applied Pharmacology 


American Journal of Surgery 4507 
and Henderson*‘ to paralysis of the inter- 
costal nerve structures in the thoracic 
region, followed by phrenic root paralysis 
in the cervical region. On the other hand 
Co Tui" cites evidence to indicate that 
phrenic nerve paralysis is of central origin. 
In rabbits, Bieter, Cunningham, Lenz and 
McNearney’ observed as the most common 
type of death, an ascending paralysis of the 
intercostals followed by a sudden cessation 
of diaphragmatic respiration. In a much 
smaller group of rabbits they observed 
further that intercostal and diaphragmatic 
respiratory movements stopped simultane- 
ously. They are of the opinion that the 
latter type of death was due to a central 
paralytic effect, in a manner similar to that 
occurring in dogs following the intra- 
cisternal injections of procaine, as reported 
by Co Tui and Standard.'? Further evi- 
dence to indicate that paralysis of the 
respiratory mechanisms is the chief cause 
of death in spinal anesthesia can be 
obtained from the data of Bieter et al.° on 
the duration of the heart beat after ces- 
sation of respiration. In all of their animals, 
after respiratory paralysis the hearts con- 
tinued to beat regularly, on an average of 
three to ten minutes following the injec- 
tions of procaine, tutocaine, panthesine, 
metycaine and pontocaine. Following respi- 
ratory paralysis produced by nupercaine, 
however, the hearts were never observed 
to beat regularly. Only a few irregular and 
weak contractions were observed. 

Bieter, Cunningham, Lenz and Mc- 
Nearney® have also determined the intra- 
spinal minimal lethal doses of the six local 
anesthetics studied in rabbits. This dosage 
for procaine averaged 18.3 mgm. per kilo- 
gram of body weight in a 6 per cent solu- 
tion. Compared to the average minimal 
lethal dose by intravenous injection which 
is 55 mgm. per kilogram, this is a rather 
marked increase in toxicity. In the dog, 
Co Tui"! found the lethal dose to be about 
45 mgm. per kilogram. No data is available 
for comparison with intravenous lethal 
doses. However, it is interesting to note 
that procaine intraspinally in the dog is 
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less toxic than in the rabbit. This might 
indicate that the presence of spinal fluid, 
as in the dog, has an inhibiting action on 
the toxic effects of this local anesthetic 
compared to conditions in the rabbit where 
no profuse amount of spinal fluid is present. 
If this is true, similar differences, com- 
pared to the rabbit, should exist in man. 

The prevention and control of the toxic 
reactions produced by spinal anesthetics 
has again lagged behind that in other forms 
of local anesthesia. One of the most bene- 
ficial preventive measures is the adminis- 
tration of ephedrine sulphate preliminary 
to the spinal injection, as was introduced 
by Ockerblad and Dillon,*® and Rudolph 
and Graham.** This drug has a prolonged 
vasoconstrictor action and can materially 
control the great drop in blood pressure 
that tends to occur in spinal anesthesia. 
It appears to be more efficacious as a 
preventive measure than as a therapeutic 
measure once the blood pressure has 
fallen. For the prevention of the respira- 
tory depression no drug is of great value. 
With a severe decrease in respiratory 
excursions the administration of oxygen 
and carbon dioxide is undoubtedly of 
value. In the presence of completely 
flaccid respiratory muscles, however, the 
last resort, as Babcock® states, is mouth 
to mouth insufflation. What is needed is a 
new local anesthetic with relatively less 
depressant action on motor nerve struc- 
tures so that anesthesia of the respiratory 
motor nerves will not occur. 

Because of the protection afforded by 
barbital hypnotics to the toxic actions 
of local anesthetics administered extra- 
spinally, these drugs are being used pre- 
liminary to spinal anesthesia. Their use is 
questionable, however, because Co Tui" 
has shown that sodium amytal increases 
the toxicity of procaine administered 
intracisternally in the dog. On the other 
hand, morphine and morphine-scopolamine 
in small but effective doses{do not do so. 
This subject requires further study, espe- 
cially with the newer short acting members 
of the barbital group. 
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The Trendelenburg position has been 
strongly recommended in spinal anesthesia 
to increase the blood flow to the head and 
vital centers. In dogs, Co Tui! has again 
shown that with the head down 17°, the 
lethal dose is decreased almost 50 per cent. 
Any appreciable amount of this position 
should therefore be dangerous, especially 
because, as Co Tui’:!! has shown, the lethal 
dose of procaine in dogs given by intra- 
cisternal injection is much smaller than 
the lethal dose administered by lumbar 
injection. Recently, Koster, Shapiro, and 
Leikensohn*® have shown in patients that, 
following the lumbar injection of 150 mgm. 
of procaine HCI in about a 4 per cent solu- 
tion, the patient’s spinal fluid contains 
from 6 to 1 mgm. of procaine HCI per 
cubic centimeter for as long as thirty 
minutes after the injection. It would seem 
therefore that a Trendelenburg position 
of more than a few degrees would be 
extremely dangerous immediately after 
the injection. Because the concentration 
of procaine in the spinal fluid falls rapidly, 
the danger would be much decreased at 
about thirty minutes. 


CLINICAL APPLICATIONS 


The safest local anesthetic for all injec- 
tion forms of local anesthesia is procaine 
HCl. The duration of its anesthesia is 
fairly satisfactory, though not sufficient 
for all purposes. 

For infiltration anesthesia, it should be 
used in the lowest possible concentrations. 
The strongest solutions for this purpose 
should be 0.5 per cent, but where possible 
0.25 per cent solutions should be used. 
Even 0.125 per cent concentrations, experi- 
mentally, produce a satisfactory anes- 
thesia; consequently this solution should 
be usable at least in some forms of anes- 
thesia. Epinephrine or cobefrin should be 
added to the solutions for injection pur- 
poses, except in spinal anesthesia. In 
certain regions where a vasoconstrictor 
may be contraindicated, as in the fingers 
and toes, a tourniquet should be applied. 
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For block anesthesia procaine HCI 
should be used in the lowest possible con- 
centrations. Two per cent solutions should 
be the average maximum, yet it appears 
that for most purposes a 1 per cent solution 
should suffice. 

For spinal anesthesia procaine HCI is 
again the drug of choice. Its maximum 
dosage should be 200 mgm. and the maxi- 
mum concentration to inject into the sub- 
arachnoidal space should be 4 to 5 per cent. 

The other local anesthetics should be 
used as substitutes for procaine HCI only 
when there is a contraindication for this 
drug, such as hypersensitivity or failure in 
the anesthetic action. They should be used 
cautiously. The concentration to be used 
should be as much smaller than that of 
procaine HCI as the drug is more toxic. 
Thus for a drug that is twice as toxic as 
procaine HCl, its comparable concentra- 
tion should be one-half that of procaine 
HCl. If these concentrations of the sub- 
stitutes fail to give a satisfactory anes- 
thesia, at least until great experience has 
been obtained in local anesthesia, this 
form of anesthesia should be discarded in 
favor of some other form. 

Where possible, measures for prevention 
of toxic reactions should always be used. 
Furthermore, anesthetists and surgeons 
should constantly be prepared to treat 
toxic reactions if they occur. 


SUMMARY 


The intelligent and safe use of local 
anesthetics requires a thorough knowledge 
of their pharmacological actions, the poten- 
tiation of these actions, their toxicity, and 
the prevention and control of toxic reac- 
tions, by anesthetists and surgeons. 

This involves more than a superficial 
knowledge of these drugs. 
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REGIONAL ANESTHESIA: AGENTS AND METHODS* 


Joun S. Lunpy, AND Epwarp B. Tuony, M.D. 


Section on Anesthesia, The Mayo Clinic 


ROCHESTER, MINNESOTA 


HE use of regional anesthetic agents 

and methods has facilitated operation 

on many patients, both to the benefit 
of the surgeon and the patient. In consider- 
ing the use of these agents and methods, 
those that are of special value will be 
discussed and only mention will be made 
of some of the others. 

In the first place we consider procaine, 
also called novocain or neocaine, the most 
valuable of all of the local anesthetic agents 
because of the relative freedom from pro- 
ducing untoward results with which its use 
is attended. It has certain deficiencies, 
however, one of which is that it is not a 
good surface anesthetic; accordingly, other 
agents have been synthesized for this 
purpose. One of them is a drug called 
pontocaine. This drug, in addition to being 
a surface anesthetic, is capable of produc- 
ing prolonged local and spinal anesthesia. It 
is about ten times as potent, and therefore 
ten times as toxic, as procaine. 

The next drug is known in Europe as 
percaine and in this country as nupercaine. 
It, too, is ten times as potent and ten times 
as toxic as procaine. It produces prolonged 
periods of anesthesia and is a surface anes- 
thetic. Of the two, we prefer pontocaine 
to nupercaine, because nupercaine is essen- 
tially a derivative of quinine, and deriva- 
tives of quinine are more toxic to the heart 
than is procaine. 

The next drug varies greatly in chemical 
composition from nupercaine and from 
procaine and pontocaine. It is called mety- 
caine, and next to procaine we think it is 
the most promising, because it will produce 
surface anesthesia, local anesthesia and 
spinal block anesthesia. It is not as toxic as 


nupercaine or pontocaine, but its effect 
lasts a little longer than that of procaine. 
Metycaine is of a very different chemical 
structure from procaine. Occasionally one 
will find that a dentist who cannot use 
procaine, because he gets a rash when he 
does employ it, can use metycaine. 
Vasoconstrictors are those drugs which 
so often are used to advantage in con- 
nection with local anesthetics. One is 
epinephrine, or adrenalin, another ephe- 
drine, and the third cobefrin. The formulas 
are very similar, and there is also consider- 
able similarity in the physiologic effect 
of these agents. The effects of epinephrine 
last about fifteen minutes, and if it is pure 
and fresh it does not have certain un- 
desirable vagus influences. The effects of 
ephedrine last about forty-five minutes, 
and it is therefore more useful in connection 
with spinal anesthesia than is epinephrine, 
except when the blood pressure does not 
respond readily, in which case one can 
then use ephedrine and epinephrine al- 
ternately. When the blood pressure is 
extremely low these drugs should be given 
intravenously rather than intramuscularly 
or subcutaneously. In extreme cases these 
drugs might be used intraspinally, for that 
method is said to be the most effective. 
From the standpoint of local hemostasis, 
epinephrine is the most useful of the agents 
for admixture with a solution of a local 
anesthetic for infiltration of tissue. Ephe- 
drine does not satisfy the demands in this 
particular phase of local anesthesia. On the 
other hand epinephrine is not the equal of 
ephedrine for sustaining the blood pressure 
during spinal anesthesia. For hemostasis, 
cobefrin is the equal of epinephrine but 


* Part of symposium read before the Philadelphia County Dental Society in collaboration with the Phila- 
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not of ephedrine. It has been demonstrated 
by one of us (Tuohy) that ephedrine and 
cobefrin can be given by mouth, but that 
fact is not of particular interest from the 
standpoint of local anesthesia. It is im- 
portant not to administer these drugs in 
large doses. 

The barbiturates are of real advantage 
in connection with local and regional anes- 
thesia, in that they bring the patient to a 
condition wherein he is not apprehensive 
and wherein he manufactures within his 
body little more than the normal amount 
of epinephrine. In addition, the barbitu- 
rates are specifically antispasmodic, and 
in this way protect the patient against one 
of the most disastrous effects of the local 
anesthetic agent. When given intrave- 
nously in soluble form, they may be used as 
a rather specific antidote for most of the 
local anesthetic agents in really controlling 
convulsions once they have appeared. Mor- 
phine and other analgesics are of benefit to 
the patient because they minimize the 
amount of pain associated with the in- 
troduction of the needle into the unanes- 
thetized tissue and lower the patient’s 
metabolic rate so that he does not destroy 
procaine as rapidly as he otherwise would. 

We have done some experimental work 
on animals concerning the effect of these 
drugs in connection with spinal anesthesia. 
When the spinal anesthetic was given the 
blood pressure and pulse pressure were 
decreased markedly. After a time ephed- 
rine was given subcutaneously and the spot 
where it was injected was massaged. There 
was a gradual increase in the pulse pres- 
sure, then an increase in the blood pres- 
sure, and this was followed by a further 
increase in the pulse pressure. 

In another experiment, when the spinal 
anesthetic was administered there was a 
decrease in blood pressure. When ephedrine 
was given there was a gradual increase in 
blood and pulse pressures. Then the spot 
where the ephedrine was injected was 
massaged and the result was a second 
effect, as though another dose had been 
given. When the vagus nerves were cut on 
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each side, the high pulse pressure disap- 
peared. It seems, then, that there must be 
as definite an effect on the vagus nerves 
from using ephedrine as is apparent when 
impure epinephrine is used. 

In still another experiment a tracing of 
the normal blood pressure was made and a 
spinal anesthetic was then given. There 
was a fall in blood pressure. When ephed- 
rine was administered and the site of 
injection was massaged, there was a grad- 
ual increase in blood pressure together 
with a gradual increase in pulse pressure. 
Then atropine was given to paralyze the 
vagus nerves and there was a definite 
change in the volume of the pulse pressure. 
It is evident, then, that when the vagus 
nerves are cut or when they are paralyzed 
with atropine, the pulse pressure becomes 
less than when an increased pulse pressure 
has been produced by the previous admin- 
istration of ephedrine without atropine. 

We also noted the experimental effect 
of procaine on the femoral blood pressure. 
When a small dose of procaine was given 
intravenously, transient depression of the 
blood pressure appeared; this might be 
called a slight reaction of procaine. Marked 
depression of the blood pressure was pro- 
duced by repeated injections of a dose 
which, if given only once, would have 
caused only a slight reaction. The effect of 
giving repeated small doses was the equiva- 
lent of the effect of one large dose given 
slowly. 

A review made at The Mayo Clinic dis- 
closed that in a period of four years the 
number of patients who were given local 
anesthetics was greater than the number 
who were subjected to any other one agent 
or method of anesthesia. When we set 
apart from the whole number of patients 
anesthetized those for whom “special’’ 
agents or methods were used and then 
distributed those patients again on the 
basis of whether local or general agents 
were employed, we observed that in the 
majority of cases irrespective of whether a 
general anesthetic had been given a loca! 
anesthetic had been employed. That means 
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that when a patient, because of the lesion 
for which he is to be operated or because of 
additional lesions that increase the risk of 
operation for him, or for any other reason, 
is recognized as a subject for whom a 
special agent or method should be em- 
ployed, the probabilities are great that a 
local anesthetic agent will be used, either 
alone or in combination with some general 
anesthetic agent, such as one of the 
gases. 

Various methods of block anesthesia are 
employed at the clinic. Of these, we find 
brachial plexus block the most difficult 
to use; that is, with this method it is most 
difficult to obtain satisfactory anesthesia 
in a high percentage of cases. If the needle 
happens to strike the nerve trunks, the 
resulting block is satisfactory. Too often, 
however, the desired paresthesia of the 
hand does not appear when the needle is 
inserted into the tissues of the neck, and 
it then becomes a matter of guess work 
whether the local anesthetic solution will 
spread far enough in the cervical tissues to 
include the brachial plexus. Accordingly, 
the method is not used very frequently at 
the clinic although our results might be 
better if we had had more practice with it. 

Cervical block is used in a certain num- 
ber of cases, but not in as large a num- 
ber now as before Magill’s intratracheal 
method of administering a general anes- 
thetic became available. Cervical block 
is now used principally for patients who 
are to have an operation on the neck and 
who are unsuitable for general anesthesia. 

It is of definite advantage to the surgeon 
to have the line of incision or the field of 
operation infiltrated, as for instance for 
operations on the abdominal wall or the 
neck, even when a general anesthetic is 
to be used. When such infiltration is per- 
formed, the operative field will be drier 
than otherwise because of the hemostasis 
effected by the local anesthetic and by 
the epinephrine. 

Field block and infiltration of tissue is 
performed year in and year out because 
this procedure affords good anesthesia in a 


high percentage of cases. Sacral block is 
frequently done because in the clinic many 
operations are performed for anal and 
rectal conditions. This method of block 
provides anesthesia with a minimum of 
untoward results. It provides relaxation 
without much prostration, and it avoids 
the distortion of the anus that results from 
infiltration. For anal operations sacral 
block is without doubt the best method of 
anesthesia. This has been especially true 
since various preparations have been devel- 
oped which are useful for preliminary 
medication, particularly pentobarbital so- 
dium, or nembutal. Use of these prepara- 
tions adds to the comfort of the patient 
when sacral block and anal operations are 
to be performed. 

Spinal anesthesia is used frequently and 
with considerable satisfaction, but it is 
not used when the patient is markedly 
debilitated. The dose for the average adult 
is about 1 mg. per pound of body weight, 
and the total dose does not exceed 200 mg. 
in any case; in the average case the dose is 
either 120 or 150 mg. The site of injection 
is usually one of the lumbar interspaces. 
The space between the first and second 
lumbar vertebras is selected for operations 
in the upper part of the abdomen; the 
space between the second and third, for 
operations in the midportion of the abdo- 
men, and the space between the third and 
fourth, for operations on the thigh, peri- 
neum, groin or bladder. The solution 
should be driven slowly from the syringe 
into the spinal fluid, maintaining a constant 
speed of injection in all cases. We inject 
0.5 c.c. of solution per second. Variations 
from this should be in the direction of still 
slower injection; the solution will occupy 
as many cubic centimeters of space sub- 
durally as it occupied in the syringe regard- 
less of how slowly it is injected because 
the fluid is not compressible. If it is in- 
jected too rapidly, in some cases the solu- 
tion of procaine will travel as a stream 
through the spinal fluid to more distant 
points than it should, especially if the 
amount of spinal fluid is scanty and as a 
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result is under low pressure. We do not 
use barbotage. 

The volume of diluent in the syringe in 
which procaine has been dissolved bears 
directly on the duration of anesthesia and 
on the degree of relaxation that is to be 
expected following injection of the anes- 
thetic into the spinal fluid. Anesthesia is 
longer with a concentrated solution than 
when a more highly diluted solution is 
used. For example, if 150 mg. of procaine 
are delivered from a syringe that contains 
5 c.c. of solution, the material injected is 
5 c.c. of a 3 per cent solution. If 150 mg. 
of procaine is dissolved in only 3 c.c. of 
solution in the syringe, then the material 
injected is 3 c.c. of a 5 per cent solution. 
The anesthesia resulting from injection of 
the 5 per cent solution lasts longer and 
produces more relaxation or paralysis than 
that produced by the 3 per cent solution. 
If a 10 per cent solution is injected, there 
is danger of injury to the spinal cord. Ex- 
perimentally, lesions in the spinal cord of 
the dog can be produced by injecting a 
sufficiently large dose of procaine in a 
sufficiently strong concentration. Such 
lesions develop, however, only following 
the administration of large doses. The 
concentrations ordinarily used to produce 
spinal anesthesia are, for the average indi- 
vidual, relatively safe. When lesions are 
produced experimentally, the animals are 
permanently and fatally paralyzed, and 
the pathologist always finds the lesion. 
The four main points to be remembered in 
administering a spinal anesthetic agent 
are, then: the dose, the rate of injection, the 
site of injection, and the volume of solution 
in the syringe. 

Some of the untoward symptoms that 
develop in the course of spinal anesthesia 
probably occur because procaine is very 
quickly absorbed from the spinal fluid and, 
if it reaches a sufficient concentration in 
the blood stream, it is sure to produce cer- 
tain systemic effects such as nausea, vomit- 
ing, exaggeration of the fall in blood 
pressure, and perhaps other symptoms 
which are not yet recognized as being 
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attributable to this systemic effect. Ac- 
cording to Nowak, decomposition products 
of procaine appear in the urine in twelve 
minutes after this agent has been injected 
into the spinal fluid. It is rather commonly 
observed that nausea following the spinal 
injection of procaine also appears on the 
average in about twelve minutes. The most 
marked fall in blood pressure appears, on 
the average, about twenty-two minutes 
after the subdural injection of procaine. 
These occurrences coincide with our belief 
that part of the untoward result from 
spinal anesthesia is attributable to the 
presence of procaine in toxic quantities 
in the circulating blood. On the basis of 
such a belief we have decreased the con- 
centration of the solution injected to 3 per 
cent, but not lower because with less than 
a 3 per cent solution relaxation in most 
cases is not obtained. In order to interfere, 
too, with the absorption of procaine from 
the spinal fluid, we have purposely tried 
to lower the blood pressure of the average 
adult during spinal anesthesia to about 
80 or 90 mm. of mercury systolic. At the 
same time we have not wanted to have the 
blood pressure fall to the extreme degrees 
that are observed when ephedrine is not 
used and large doses of procaine are given. 
Therefore we give ephedrine; but in order 
that the blood pressure will not rise enough 
to defeat our purpose in lowering it to 
some extent, we have given doses of 25 
rather than 50 mg. of ephedrine to the 
average patient. If more ephedrine is 
needed because of a subsequent fall in 
blood pressure to perhaps 50 mm. systolic, 
we administer all or part of 25 mg. of 
ephedrine intravenously during the period 
when the blood pressure is low, trying to 
raise the pressure to about 85 mm. systolic. 
To repeat, our hope, then, is to decrease the 
efficiency of the circulation of blood so as 
to decrease the rate of absorption of pro- 
caine from the spinal fluid, but we also 
wish to prevent the blood pressure falling 
to a dangerously low level. Procaine that 
reaches the blood stream is destroyed by 
the liver, as was shown by the work of 
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Eggleston and Hatcher. Their work was 
reviewed and confirmed by Dunlop. 

Spinal anesthesia is indicated when 
relaxation is desired, but general anesthe- 
sia, such as that produced by ether, is 
contraindicated. Spinal anesthesia, like 
other methods of anesthesia, should be 
chosen when it is indicated rather than 
used routinely. In any event the important 
thing is not to administer a spinal anes- 
thetic to a patient when there is doubt as 
to its safety for the particular patient. The 
uses and abuses of spinal anesthesia could 
be discussed at great length; the literature 
contains not less than 3500 to 4000 articles 
on the subject of spinal anesthesia. 

Splanchnic anesthesia, effected through 
the posterior approach of Kappis, has not 
been sufficiently satisfactory (successful in 
48 per cent of cases) to warrant using it 
except in unusual cases. The method of 
blocking the splanchnic nerves after the 
abdomen has been opened has been very 
useful in the hands of many men, but it 
has not been as widely used as it should be. 

When block anesthesia of a digit is de- 
sired, a wheal is made on the dorsum of the 
member and injections are made around 
the finger at some point proximal to the 
site of operation. If one injects intra- 
dermally and subcutaneously, from skin 
to bone, and then injects through the hand 
to the palmar surface but not into it, good 
anesthesia results. The entire hand can 
be anesthetized by using a bracelet type 
of block at the wrist, injecting a 1 per cent 
solution of procaine directly on the surface 
of the median nerve; that the needle has 
reached the median nerve will be evident 
if paresthesia is obtained. Similar injection 
is made on the surface of the ulnar nerve. 
Also, a 1 per cent solution of procaine is 
deposited in the region of the branches of 
the radial nerve. The balance of the block 
can be accomplished with 0.5 per cent 
solution of procaine. 

The whole foot can be blocked off by 
using a bracelet block at the ankle, and by 
Injecting I per cent solution on the surface 
of the posterior tibial and anterior tibial 


nerves; again an attempt should be made 
to produce paresthesia with the needle be- 
fore the injection is finished. For operations 
on the great toe, the toe is isolated from the 
rest of the foot by block anesthesia pro- 
duced by an L-shaped injection. The needle 
is passed from the dorsal surface of the foot 
against, but not into, the plantar surface. 
This injection is so satisfactory for the 
Mayo bunion operation that orthopedic 
surgeons at the clinic seldom perform the 
operation with any other method of anes- 
thesia. The innervation of the great toe 
differs slightly from that of the other digits, 
so that one must be sure to inject thor- 
oughly from the skin of the dorsum of the 
foot to the skin of the plantar surface at 
all points except through the bone. Bone 
can be removed from the tibia, to be 
implanted in the spinal column, by using 
a field block that includes intradermal 
and subcutaneous injection and the injec- 
tion of the periosteum. The entire leg below 
the knee can be anesthetized by injecting, 
from skin to bone, all the way around the 
leg. This is, however, a tedious method of 
injection and is somewhat painful to the 
patient, sometimes requiring large amounts 
of procaine. 

For operations on the knee joint a dia- 
mond-shaped type of field block can be 
effected, 10 to 30 c.c. of procaine-epineph- 
rine solution being injected beneath the 
patella. The resulting anesthesia, however, 
is not always satisfactory. 

For the treatment of old fractures, in- 
filtration must be carried down to the 
periosteum on both sides of the fracture 
and all the way around the fractured bone. 
However, for acute or recent fractures, and 
in the presence of a hematoma, a 2 per cent 
solution of procaine can be used. When the 
needle has entered the hematoma, which 
can be determined by aspirating some 
blood from it, the solution should be in- 
jected slowly; it will dissipate itself through 
the blood clot and provide anesthesia for 
the reduction of the fracture. 

For operations on the neck deep block 
anesthesia is satisfactory. The needles are 
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inserted in such a manner that they point 
caudally rather than toward the head or at 
right angles to the skin. They are directed 
so that their points rest on the tips of the 
transverse processes of the second, third 
and fourth cervical vertebras; against 
these transverse processes, on each side, 
about 25 c.c. of a 1 per cent solution of 
procaine and epinephrine is injected. The 
injection of the solution against a trans- 
verse process of the second cervical verte- 
bra may result in an untoward reaction if 
the needle happens to enter a blood vessel. 
Aspiration should be performed before 
injection is begun to determine whether 
the tip of the needle is in a blood vessel. 
Injection should always be slow because 
of the occurrence, although infrequent, 
of unconsciousness and mild tonic con- 
vulsions when the anesthetic solution has 
been introduced into a blood vessel. Slow 
injection allows the untoward signs to 
develop before much of the solution has 
been injected. If they do develop, injection 
can be discontinued and the needle moved. 

Superficial cervical block also provides 
good anesthesia and can be performed very 
simply by infiltrating the tissue which lies 
between the skin of the neck and the 
superficial surface of the sternocleidomas- 
toid muscle. 

For operations on the thyroid gland, a 
dry field is obtained by infiltrating the 
skin and subcutaneous tissues overlying the 
gland. However, it is possible to operate 
on the thyroid gland without infiltration. 
Deep and superficial cervical block can 
be used together, or superficial block alone 
can be used and a small amount of procaine 
solution can be infiltrated into the tissues 
when the gland has been exposed. The 
Bartletts have advocated that infiltration 
be avoided and their method of injection 
be employed. 

For intracranial operations, that portion 
of the scalp in which the superficial incision 
is to be made can be blocked off by infiltrat- 
ing the area usually covered by the hat- 
band. If a limited portion of the scalp is 
to be blocked, this area can be circum- 
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scribed by infiltration of the local anes- 
thetic agent; such a method of anesthesia 
is known as “field block.” The technical 
points in block for cranial operations are 
to infiltrate three distinct layers separately. 
The intradermal injection blocks the super- 
ficial layer, the subcutaneous injection 
blocks the layer between the skin and the 
cranium, and the injection against the bone 
blocks the periosteum. The solution used 
is 0.5 per cent procaine and epinephrine. 
When the operation is in or near the tem- 
poral region, the periosteum of the temple 
is infiltrated from above downward. 

For operations on the breast, the pedicle 
of the breast should be narrowed by me- 
chanical means and injection made into 
the narrowed pedicle. If an assistant is not 
available, some device can be used, such 
as a clamp, to narrow the pedicle of the 
breast. On being released after injection, 
the tissue of the breast carries with it the 
solution of procaine, and the breast is then 
isolated from the chest by a layer of solu- 
tion. Any operation that is included within 
the area of anesthesia, even including 
simple amputation, can then be performed. 

In the posterior method of splanchnic 
block, injection is bilateral. On each side a 
point is found about 8 cm. lateral to the 
spinous process of the first lumbar vertebra 
and two finger breadths (3 cm.) below the 
lower border of the twelfth rib. The needle 
is inserted through that point directly 
against the lateral surface of the body of 
the first lumbar vertebra, and then, by a 
process of feeling the bone with the bevel 
of the needle, and pushing the needle in a 
little and again feeling, the point of the 
needle is thrust into a plane that would 
just touch the anterior surface of the body 
of the vertebra. At that point from 25 to 
50 c.c. of either 0.5 or 1 per cent solution 
of procaine Is injected. In about 50 per cent 
of cases a considerable part of the intra- 
abdominal region will be anesthetized. 
However, the cecum and appendix are 
often not satisfactorily anesthetized and 
in many cases operation cannot be con- 
tinued without pain in the region of these 
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structures unless paravertebral injection 
of the right tenth thoracic space has been 
done. Abdominal wall block must be used, 
of course, in addition to splanchnic block 
for abdominal operations. The abdominal 
wall can be infiltrated and blocked so that 
an incision can be made and the abdominal 
cavity opened. For operations in the upper 
part of the abdomen, the abdominal wall 
can be infiltrated along the costal margin 
and down the lateral border of the rectus 
muscles. For operations on the bladder, the 
injection of the abdominal wall is diamond 
shaped, extending from the umbilicus to 
the symphysis pubis. For hernia, the 
injection is made on a line from the antero- 
superior iliac spine toward the umbilicus. 

In articles on regional anesthesia the 
raising of the intradermal wheal is not 
sufficiently emphasized. The bevel of the 
needle should not be turned upward, as is 
described in some textbooks, but down- 
ward, against the skin. The left index finger 
should pull the skin toward the needle, 
while the right hand, holding the syringe, 
forces the needle against the skin. Pressure 
should be maintained on the plunger of the 
syringe all the while so that the moment 
the edge of the bevel of the needle is buried 
in the most superficial layer of the skin 
the wheal will start to form. Injection 
should not be delayed until the entire end 
of the needle is buried in the deep layers 
of the skin. If the method we have advo- 
cated is employed, the minimum of pain 
is caused. 

In sacral block, after the wheal has been 
raised, the skin over the sacrum is im- 
mobilized with the left hand and the point 
of the needle, already attached to the 
syringe, is passed into the sacral hiatus, 
with the bevel of the needle against the 
bone. The anesthetist rests the hand which 
holds the syringe on the patient’s buttock 
so that, should the patient move, the anes- 
thetist’s hand will be raised and the needle 
will follow the hand rather than the hand 
following the needle, probably breaking the 
needle. The first part of the procedure is 
performed with a short needle. After the 


short needle has been introduced into 
the caudal canal and after 2 or 3 c.c. of a 
1 per cent solution of procaine have been 
injected, the needle is withdrawn and 
another needle, with its stilet in place, is 
introduced. This needle must be so inserted 
that its bevel will lie on the rough surface 
of the bone, if it is to be advanced easily 
into the caudal canal. Its point should be 
inserted no further cephalad than a line 
between the second sacral foramina. Higher 
insertion of the needle may result in sub- 
dural injection, for the tip of the dural sac 
may be pierced by the caudal needle. If 
the sac is perforated by the needle the hole 
does not close for several days. If the 
ordinary amount of solution, 30 c.c., is 
injected into the caudal canal, thirty min- 
utes will be required to produce anesthesia 
in the average case. If more relaxation or 
quicker anesthesia must be produced, the 
procedure just outlined can be supple- 
mented by injection of anesthetic solution 
into the first four sacral foramina on each 
side. If anesthesia has not been satisfac- 
tory, and if thirty or forty-five minutes 
can be allowed for the drug to saturate 
the nerve trunks, larger amounts of solu- 
tion can be injected into the caudal canal. 
Anesthesia then will often result, and the 
more solution that is injected into the 
canal the more widespread will be the field 
of anesthesia. If time does not permit for 
anesthesia to become established by the 
caudal injection, then it may be combined 
with injection into the second sacral 
foramina. 

If it is desired to produce anesthesia of 
the vulva, injection of the perineal nerves 
on each side can be achieved by inserting 
the needle mesial to the tuberosities of 
the ischia on each side and on a level 
with the posterior border of the anus. The 
tip of the needle is inserted to a depth of 
about 1 inch (2.5 cm.) and at that point 
15 to 25 c.c. of 1 per cent solution of pro- 
caine and epinephrine is injected. This will 
produce anesthesia and relaxation for 
obstetric procedures or for minor opera- 
tions on the labia. 
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Advantage can be taken of the various 
methods of regional anesthesia for purposes 
of diagnosis, prognosis, or treatment of 
painful conditions to the benefit of both 
patient and physician. However, this is so 
large a field that it cannot be discussed 
here. 


SUMMARY 


Procaine in our experience has been the 
most valuable of all the local anesthetic 
agents. It is used extensively for spinal 
anesthesia and other types of regional 
anesthesia such as sacral block, cervical 
plexus block and abdominal wall block. 
Vasoconstrictor drugs such as epinephrine 
and cobefrin are used to prolong the action 
of procaine, and ephedrine is used in spinal 
anesthesia to help sustain blood pressure. 
Barbiturates are administered prior to use 
of procaine because of their sedative and 
antispasmodic action. The technique of 
spinal anesthesia and numerous regional 
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anesthetic procedures are described, and the 
indications for such methods are stated. 
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PROVIDENCE, R. I. 


N considering the present status of the 
many aspects of spinal anesthesia one 
is impressed with the increasing agree- 

ment among anesthetists of its many for- 
merly disputed phases. Methods are being 
standardized, greater stress is being laid 
upon the details of technique; indications 
and contraindications are understood more 
definitely and clearly. 

An attempt is made in this paper to con- 
sider the various angles of the subject 
necessary to familiarize one with the sev- 
eral agents and procedures of the method. 
It is only through an exact knowledge of a 
procedure that it can be applied with best 
results and greatest safety. 


AGENTS 


The most popular agents in _ spinal 
anesthesia, in their probable order, are: 
procaine, pontocaine, nupercaine and 
metycaine. Though comparatively small 
amounts of these drugs are employed in 
this type of anesthesia the question of re- 
lative toxicity must not be overlooked. In 
a previous communication” this aspect 
was considered. Based on animal experi- 
mentation in which the comparative fatal 
intravenous dose was determined and the 
relative dosage considered, a corrected 
toxicity ratio, as compared to procaine, was 
reached. Thus, in the work of Nowak, as 
quoted by Marvin,”? and of Wiedhopf,** 
giving procaine unity, we find the cor- 
rected toxicity ratio as listed in Table I. 

Wiedhopf did not consider metycaine. 
To accept entirely this ratio as the true 
relative toxicity of these drugs would not 
be fair for it must be understood that this 
work was not done on human beings and 
that the other factor, relative dosage, may 
be justly disputed. Clinically, Lundy*~” 


feels that procaine is the safest of the 
agents. Employing this drug he feels that 
there is a wide margin of safety between 
failure of respiration and failure of the 
heart. Nupercaine, he holds, offers very 
little margin of safety between respiratory 
and cardiac failure. 


TABLE I 
CORRECTED TOXICITY RATIO 
(As compared to procaine) 


| Nowak | Wiedhopf 
1.0 1.0 


These agents vary also as to duration 
of action, and, as given by Marvin,” are: 
procaine, one hour; metycaine, ninety 
minutes; pontocaine, two hours and nuper- 
caine three hours. 

Various neurologic changes following 
spinal anesthesia have been reported.':*.!7.74 
Lundy and others”! showed that neurologic 
changes did not follow intraspinal in- 
jection of drugs of therapeutic doses. 
Others!!"* have shown that changes, when 
they do occur, are transitory. 

The agents, in different dosages and 
combinations, vary also as to their specific 
gravities. With the present dependence, to 
a large degree, on the difference in gravity 
between the agent and spinal fluid to limit 
or extend the height of anesthesia, a knowl- 
edge of these relative gravities is im- 
portant. They may be found listed in 
Tables u and 11. 

The specific gravity of the average spinal 
fluid is 1.007; it is important that we do 
not forget that spinal fluid may have a 
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specific gravity anywhere between 1.001 
and 1.010.'* Thus, of the solutions of agents 
themselves, we have but the 1:1500 solu- 
tion of nupercaine in water which we may 
consider as consistently lighter than normal! 
spinal fluid. This solution is unstable and 
is not employed. The 1:1500 solution of 


TABLE I 
SPECIFIC GRAVITY OF SOLUTIONS OF PROCAINE AND 
PONTOCAINE 
| | 
Pontocaine _ | Spinal 
Procaine | 1 Per Cent | Dextrose Fluid ne 
HCl in ie 
Mg. Saline,* | — | 1,007, Gravity 
Mg. 

200 2.0 1.025 
200 4.0 1.013 
200 es 8.0 1.008 
50 0.5 2.0 1.015 
100 0.5 2.0 1.018 
100 0.5 4.0 1.014 
150 0.5 4.0 1.0155 
50 1.5 2.0 1.021 
100 .s 2.0 1.023 
100 1.6 4.0 1.017 
150 4.0 1.019 
10 1.0 2.0 1.014 

10 0.5 2.3 1.011 
50 10 3.0 1.009 
50 15 2.4 1.009 
50 20 ta 2.0 1.009 
10 0.5 1.016 

10 1.0 1.020 


* As commercially distributed with specific gravity 
of 1.007. 
nupercaine in 0.5 per cent saline (Jones 
solution) has been considered a hypobaric 
one. It is true that spinal fluid, with grav- 
ities of less than 1.003 might be rare but 
they must be considered to exist; therefore 
it must not be forgotten that this solution 
in such a spinal fluid is hyperbaric. 

One per cent pontocaine in saline for 
spinal anesthesia, as commercially dis- 
tributed, has a specific gravity of 1.007, or 
that of the average spinal fluid. Thus it 
might be lighter than some spinal fluids 
and heavier than others. 

A solution with a specific gravity lighter 
than spinal fluid injected into the sub- 
arachnoid space may be expected to give 
a different result than the use of one which 
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is heavier than the medium in which it is 
placed. Thus, in a patient placed on his 
back immediately after intraspinal injec- 
tion, a heavy solution will result in a higher 
level of posterior, or sensory, anesthesia 
than anterior, or motor. A solution lighter 
than spinal fluid, with the patient in the 


TABLE III 
SPECIFIC GRAVITY OF SOLUTIONS OF METYCAINE AND 
NUPERCAINE 
Specific 
Agent Solution Gravity 
Metycaine. :20 in 0.9 per cent saline | 1.020 


I 
:10 0.9 per cent saline 1.036 
Nupercaine :200 in 0.5 per cent saline | 1.0046 
: 1500 in 0.5 per cent saline . 0030 
: 1500 in 0.9 per cent saline 1.0061 
:1500 in water 1.00005 
10 per cent procaine in 1: 200) 1.018 
nupercaine 


same position, will find its way higher on 
the anterior aspect of the canal and cause 
a higher level of motor paralysis than of 
sensory. A high level of sensory anesthesia, 
of itself, is not to be feared. A high an- 
terior, or motor, block is to be feared and 
prevented. The higher the motor block 
the greater the extent of respiratory 
involvement. 

These agents vary also as to the degree 
of their effect on blood pressure. Pontocaine 
seems to have a less depressive action than 
procaine. Figures 1 and 2 are composite 
charts showing the systolic pressures in 20 
consecutive cases of anesthesia under each 
of these agents. No effort was made to run 
a parallel series and subsequent investiga- 
tion might prove our present contention 
to be wrong. Some workers feel that the 
effect of nupercaine, intraspinally, on blood 
pressure is not quite as great as that of 
procaine. 


PREMEDICATION 


A moderate dosage of a barbiturate given 
the night before operation is of value. 
Medication in the morning before opera- 
tion should be individualized. No routine 
dose should be employed. The type of 
operation, mental attitude and condition 
of the patient should all be taken into 
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consideration. Too heavy medication is as 
little to be desired as too light. The patient 
to be operated under any method of re- 
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shown that “small but effective doses of 
morphine, morphine-scopolamine and mor- 
phine-avertin given prior to cisternal in- 
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Fic. 1. Systolic pressures in twenty consecutive cases of ephedrine-procaine spinal anesthesia. 


gional anesthesia is entitled to sufficient 
medication to dull his acute senses. For 
patients in good condition moderate dosage 
with morphine and scopolamine one hour 
preceding operation and the administration 
of a short lasting but rapidly acting bar- 
biturate as pentobarbital or evipal given 
by mouth one-half hour before going to 
surgery is advisable. Though it is true that 
the barbiturates act as prophylactic agents 
to reaction from the local anesthetic drugs 
by virtue of their antispasmodic action, it 
is not for that purpose that they are em- 
ployed as a premedication to spinal anes- 
thesia. The convulsive attack due to an 
idiosyncrasy to or overdose by an anes- 
thetic agent, in other types of regional 
anesthesia, is not a complication likely to 
occur during spinal anesthesia. It is only 
for their sedative action that they are 
employed before this form of anesthesia. 
It is interesting to note that CoTui’ has 


jections (of procaine) do not cause a 
determinable decrease in the minimum 
lethal dose of the drug while the larger 
doses do, and that sodium amytal narcosis, 
whether light or profound, produces a 
marked reduction.” 

The time factor is important in pre- 
liminary medication. It requires from 
forty-five minutes to one hour for the full 
effect of morphine to become apparent, 
when given subcutaneously. It is for this 
reason that morphine is best given one 
hour preceding operation rather than fif- 
teen to thirty minutes before the induction 
of anesthesia. In doing this, the occasional 
patient susceptible to morphine and ex- 
hibiting respiratory depression will be 
recognized before the anesthesia procedure 
is instituted. The administration of some 
other type of anesthesia or postponement 
of the operation will serve to prevent the 
marked depression that might occur had 


522 


American Journal of Surgery 


the depressive action of morphine been 
allowed to manifest itself in the presence 
of an already depressed respiration during 
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In employing a technique where the action 
of the anesthetic agent is to be limited to 
the perineum, as anal, vaginal or trans- 


30 45 
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spinal anesthesia. 

Some anesthetists routinely employ at- 
ropine as a premedicant. The reader is 
referred to the paragraph on ephedrine in 
regard to the combined action of atropine 
and ephedrine. If the patient is suffering 
from abdominal distention atropine is 
probably best omitted because it interferes 
with the function of the myoneural junc- 
ture of nerves which supply non-striated 
muscle fibres.*! 


EPHEDRINE 


Because it is fairly generally agreed that 
a fall in blood pressure, if severe, can result 
harmfully, the administration of a vaso- 
pressor drug before spinal anesthesia is 
almost universal. The drug employed by 
most anesthetists is ephedrine. CoTui® feels 
that ephedrine is considerably more ef- 
ficacious in maintaining blood pressure 
than either saline infusion or transfusion. 
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2. Systolic pressures in twenty consecutive cases of ephedrine-pontocaine spinal anesthesia. 


urethral surgery, the administration of 
ephedrine may be omitted. 

Because of the variation in speed of 
absorption of this drug from subcutaneous 
tissue and the impossibility of knowing 
beforehand the exact amount of ephedrine 
necessary to maintain the blood pressure 
at a satisfactory level in a given patient, 
Solkow® adds the ephedrine to 100 to 
200 c.c. of saline and begins to administer 
this infusion intravenously immediately 
after the induction of spinal anesthesia. He 
controls the speed of flow of this ephedrine 
solution as to the level of blood pressure. 
Patients with arteriosclerosis frequently 
show poor response to the administration 
of ephedrine subcutaneously. By the in- 
travenous drip method better control over 
their blood pressure is exhibited, according 
to Solkow. ‘ 

It is important to know that the action 
of ephedrine is not entirely beneficial. That 
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ephedrine can cause cardiac irregularity is 
well known. Seevers and Meek” in labora- 
tory experiments have shown that previous 
digitalization of the dog does not greatly 
alter the irregularity produced by ephe- 
drine although there appears to be a tend- 
ency to increase the number of irregularities 
of ventricular type. In every case the ir- 
regularities continued through a_ longer 
time period, usually an increase of over 
100 per cent. They feel that, “The cerebral 
and metabolic stimulation produced by 
ephedrine would under any circumstances 
be an objection to its use in heart disease.” 

Chen and Schmidt® have shown that 
ephedrine might cause heart failure even 
in the small dose of 1 mg. per kilo if given 
after a prolonged period, thirty minutes, of 
low blood pressure. Apparently a heart de- 
pressed by continued low blood pressure 
with consequent inadequate coronary flow 
is more sensitive to the depressant action 
of ephedrine and less responsive to its 
stimulant effect than the normal heart. It 
is therefore very dangerous in severe shock. 

Meek and Seevers** have shown that if 
ephedrine is given after atropine the reflex 
effects are eliminated and tachycardia fol- 
lows immediately. Atropine hastens and 
intensifies the pressor effect of ephedrine 
but shortens its duration. It has also been 
shown” that the barbiturates give a high 
degree of protection against the cardiac 
effects of ephedrine. 

It has been demonstrated ?:*? that ephe- 
drine can cause urinary retention. Colwell® 
has shown that continued intravenous ad- 
ministration of epinepherine interferes with 
and may even abolish the combustion of 
dextrose, possibly by suppressing the 
action of insulin. Because of the close 
similarity of action, between the above 
drug and ephedrine, it is likely that the 
same effect might follow similar adminis- 
tration of this latter drug. 


METHODS 


Before attempting to give a spinal anes- 
thesia the anesthetist should appreciate 
the fact that the two most feared complica- 
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tions of this method are respiratory paraly- 
sis and severe fall in blood pressure. The 
higher the anesthesia the more nearly is 
respiratory paralysis approached and the 
greater is the fall in blood pressure. So- 
called perfect spinal anesthesia for every 
type of intra-abdominal surgery may be 
accomplished by the use of large dosage 
and volume. This is not good anesthesia. 
One of the qualities of a good anesthetist 
is his ability to limit the upward extent of 
the anesthetic solution consistent with the 
height of anesthesia desired for the type 
of surgery contemplated. With cyclopro- 
pane readily available one is justified in 
erring on the conservative side in admin- 
istering anesthesia for upper abdominal 
surgery, particularly in poor risk patients. 

The inguinal region receives its sensory 
supply from the twelfth thoracic nerve. 
The area about the umbilicus receives its 
nerve supply from the tenth and the area 
about the ensiform from the seventh tho- 
racic nerve. Satisfactory anesthesia for 
upper abdominal surgery must extend to 
and involve the nerves coming from the 
fifth thoracic segment since the upper recti 
receive their motor innervation from this 
level. The fifth thoracic supplies sensation 
to the nipple line. Thus all upper abdom- 
inal surgery calls for anesthesia to this 
area. Anesthesia above the fifth thoracic 
not only increases the height of intercostal 
paralysis but begins to involve the cardiac 
nerves, the origins of which are in the first, 
second, third and fourth thoracic segments. 
It is true that it is difficult to stop the 
upward diffusion of an anesthetic agent at 
a set level but an attempt should be made 
to prevent too high an anesthesia. 

The spinal cord ends at the level of the 
second lumbar vertebra. Punctures per- 
formed above this point may result in cord 
injury. Appreciation of these principles will 
do much to prevent many of the accidents 
that have occurred as the result of this 
form of anesthesia. 

The factors which control the height of 
anesthesia: dosage, volume, site of injec- 
tion, speed of injection, specific gravity and 
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position of patient are variable and, as one 
can see from the accompanying tables on 
technique, are differently employed by 
various anesthetists. In employing these 
tables to choose the proper dose of a drug 
necessary to give a certain level of anes- 
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acidified by the addition of a few drops of 
dilute hydrochloric acid. Of the techniques 
employing the 1:1500 solution it is felt by 
some that the Jones technique is safer than 
the Etherington-Wilson procedure. It is 
so considered because of the danger of too 


TABLE IV 


PROCAINE TECHNIQUES 


. Lower Mid Upper 
Ferineum Abdomen | Abdomen Remarks 
Labat. 
ee 100 120 120 150 
Dilution in c.c.......... 3 5 5 5 | Approximate 
Trendelenburg.......... + | Immediate. 
Site of puncture......... 13 L2 Li Di2 
Evans. 
Dose in mgm........... 60 100 120 120 
Ephedrine in mgm....... o o Oo o | Adrenalin intramuscularly. 
Dilution in c.c.......... 3 5-9 7-9 8-11 
Trendelenburg.......... Oo o ) o |Only if vasomotor collapse or if 
Site of puncture......... Ls L3 L3 Ls anesthesia too high. 
Stout. 
ae 100 150 150 200 |Speed of injection. Perineum 5 
seconds. 
Ephedrine in mgm....... Oo 30 50 80 Lower abdomen 7 seconds. 
Dilution in c.c.......... I 1.5 2 2.5| Mid abdomen 10 seconds. 
Trendelenburg.......... 0 o Oo 0 Upper abdomen 12 seconds. 
Site of puncture......... L2-L3 L2-L3 L2-L3 L2-L3 | 10 minutes after injection any posi- 
| tion. 
Rovenstine. 
Dose in mgm........... 50-75 plus .5—.75 c.c. 10 per cent dextrose 
Ephedrine in mgm....... o | 
1. 5-2 For transurethral surgery, patient 
Trendelenburg.......... 0 | in lithotomy, head and shoulders 
Site of puncture......... L4-Ls | | elevated. 


thesia, one should remember that these 
tables are for guidance only. The patient’s 
condition should be taken into considera- 
tion and the dosage based upon that. 
Anesthetic judgment should come into play 
fully as much in spinal anesthesia as in 
any other form. 

Procaine. All solutions of procaine of 
anesthetic concentration are heavier than 
spinal fluid. Table 1v is a summary of a 
few techniques with this agent by several 
workers. 

Nupercaine. Crystals of nupercaine are 
neither soluble in spinal fluid nor in saline 
solution. Solutions of nupercaine as dis- 
tributed are buffered solutions. The weaker 
solutions, 1:1000, 1:1500 and 1:2000, are 


high an anesthesia following the injection 
of a light solution with the patient upright. 
Romberger employs a combination of 
procaine and nupercaine thus employing a 
small volume, highly concentrated solu- 
tion. The procaine in combination allows 
for a more rapid onset of anesthesia than 
if nupercaine were used alone. Table v lists 
techniques employing nupercaine. 
Metycaine. The main advantage of 
metycaine over procaine lies in its slightly 
longer action. Many reports on this agent 
are as yet not available. The technique of 
Woodbridge is given in Table v1. 
Pontocaine. Because the 1 per cent in 
saline solution of this agent for spina’ 
anesthesia has a specific gravity close to 
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that of spinal fluid, adequate height of 


anesthesia is obtained best by the introduc- 
tion of the drug at a higher level than with 
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Bull and Esselstyn‘ feel that since this 
agent may be either lighter or heavier than 
the spinal fluid in a given case it is impor- 


TABLE V 


NUPERCAINE TECHNIQUES 


| Perineum Lower 
| 
Keyes 1: 200. 
Dose in mgm........... 10 | 10 | 
Ephedrine in mgm....... 100 | 100 | 
Dilution in c.c.......... | 2 | 5 | 
Trendelenburg.......... + | + 
L3 | L3 | 
Jones 1:1500. 
Dose in mgm........... 4 6.6, 
Ephedrine in mgm....... | 60 | 70 
Dilution in c.c.......... 6 | 10 | 
| | 
Trendelenburg.......... + | + 
Site of puncture.........| L4 | Li 
Wilson 1: 1500. 
Dose in mgm........... 6.6 6.6 
Ephedrine in mgm....... 50 | 50 | 
Dilution in c.c.......... 10 | 10 
Trendelenburg.......... | + | + | 
Site of puncture......... L3 | L3 | 
Romberger nupercaine-pro- | 
caine combined. 
Dose er 6-8 | 8-10-12 | 
mgm. /Procaine....... 75-100 | 120-240 | 
Ephedrine in mgm....... 50 75 | 
Dilution in c.c.......... 0.5-1 | 2-2.5 
Trendelenburg.......... + | + 
L4 | L2-L1 | 
| 


Site of puncture......... | 


| 
Abdomen | Abdomen | Abdomen 


Mid | Upper 


Remarks 


10 10 | 
100 100 
8 | 10 
+ | + Immediate. 
L3 L3 | Patient upright. 
8 10-12 
80 90 | Approximate, 
12 15-18 | After injection patient prone 5 min- 
| utes. 
+ | + 
Li Li | Lateral position. 
8 10 | Patient upright. 
50 50 For low anesthesia 20 seconds. 
12 15 Mid anesthesia 30 seconds. 
+ + Upper anesthesia 40 seconds. 
L3 | L3 


|All abdominal blocked 


nipple line. 


cases to 


| Delay, then use as needed. 


procaine. Because the agent is as apt to be 
slightly lighter as heavier than spinal fluid, 
the danger of a more complete anterior 
block with this agent than with heavier 


tant to know exactly what their relation- 
ship is. They recommend the use of a 
solution of xylol and chlorobenzene with a 
gravity equal to that of pontocaine. Spinal 


TABLE VI 
METYCAINE TECHNIQUE 


Lower Mid | Upper | 


Perineum | Abdomen | Abdomen | Abdomen Remarks 
| | | 
Woodbridge. | | 
40-80 | 120 140 180 Average. 
25 | 50 50 50 
| 2 | 4-5 5 5 
| o | Trendelenburg for height of anesthesia, then flat. 
|} | L3 | L3 


| 


agents is feared. Fourteen cases of respira- 
tory failure with this agent have recently 
been reported, with 2 resulting fatally.‘ 


fluid is not soluble in this solution and a 
drop added to it will either float or sink 
depending on its gravity. 
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A technique employing a pontocaine- 
glucose solution is advanced by Sise.”? The 
addition of glucose increases the specific 
gravity, thus making the solution more 
controllable by changes in the tilt of the 
table. For perineal operations Sise recom- 
mends the addition of no glucose. I feel 
that following the introduction of a ponto- 
caine-glucose solution through the fourth 
lumbar interspace using a small volume 
and with the head of the table elevated, a 
long lasting efficient anesthesia may be 
realized for perineal and transurethral 
surgery. In Table vii are listed the ponto- 
caine techniques. 
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that the Trendelenburg position in these 
patients Is both useless and harmful. Most 
workers, however, do not hesitate to place 
their patients in this position provided 
sufficient time has elapsed after the injec- 
tion of the drug to allow most of it to be- 
come fixed in nerve tissue. CoTui did not 
show that cerebral anemia is not prevented 
by this position in the presence of a low 
pressure. He succeeded in establishing that 
the head down position encouraged the 
flow cephalad of a highly concentrated 
solution of great gravity with resultant 
respiratory paralysis. CoTui showed also 
that the fall in blood pressure with its 


TABLE VII 


PONTOCAINE TECHNIQUES 


Perineum 


Mid 


Abdomen 


Lower 
Abdomen 


Upper 


Remarks 
Abdomen 


McCuskey. 
Dose in mgm 
Ephedrine in mgm 
Trendelenburg 
Site of puncture 
Sise pontocaine-glucose. 
Dose in mgm 
Ephedrine in mgm 
Trendelenburg 
Site of puncture 


Head and shoulders kept elevated by pillows. 
For perineal operations no glucose with pontocaine. 


| e 
| “One level 


4-4.5| 
10° for 114 minutes, then flat 


| 


| 
12 
25 

2.4 

higher than 


12 

25 
2.4 


with procaine’ 


1.6 Approximate. 


12-16 
50 
4-4.5 


14-18 
50 
474.5 


Ls | 


L3 | 


For abdominal operations with patient flat equal parts pontocaine and 10 per cent glucose. 
For abdominal operations with patient in Trendelenburg one-half as much glucose as pontocaine solution. 


| 
Pontocaine-glucose for perineal surgery. | 
Dose in mgm 
Ephedrine in mgm... 
Trendelenburg 
Site of puncture 


Equal volumes pontocaine and 10 per cent glucose. 
Patient in lithotomy, head and shoulders elevated. 
Patient injected with head of table slightly elevated. 


CARE OF PATIENT 


Fall in Blood Pressure. Labat felt that 
a fall in blood pressure, even if great, would 
not result harmfully if cerebral anemia 
were prevented by the early use of the 
Trendelenburg position. It is CoTui’s feel- 
ing that a systolic pressure of 70 mm. of 
mercury is at the critical level. He feels*- 


concommitant blood flow to tissues re- 
sulted in tissue anoxia. 

Ephedrine, given to raise a fallen or 
rapidly falling pressure is probably best 
given by the method of Solkow as pre- 
viously mentioned in this paper. 

If the fall in pressure is due to loss of 
blood an immediate transfusion is indi- 


|| 
| | 
| 
8 | 15 
| 25 | 25 
+ 
| 
| 14-20 
25 50 
4-4.5 
0-25 | 
2-3 | 
L4-Ls | 
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cated. Fluid lost by perspiration is best 
replaced by a saline infusion. In the ab- 
sence of loss of blood or other fluids from 
the blood stream there is some objection 
to the use of large volumes of fluid intra- 
venously. A small volume of 50 per cent 
glucose intravenously might result bene- 
ficially although this requires some time to 
attract fluids back into the circulation and 
had best not be depended upon in an 
emergency. It finds its place in the im- 
mediate postoperative care. 

Respiratory Depression or Paralysis. 
That the anterior roots are deliberately 
blocked to result in good surgical relaxation 
and that a high anterior block will result 
in a depression of respiration which might 
extend to a paralysis, are appreciated. It is 
because of this possible accident during 
spinal anesthesia that the anesthetist must 
be ever on the alert. For the first one-half 
hour of anesthesia he must determine every 
few minutes how high the motor paralysis 
has extended. The disappearance of thor- 
acic respiration with an increasingly di- 
aphragmatic type of breathing, loss of 
spoken voice, dilation of the alae nasi, the 
use of the accessory muscles of respiration 
with dropping of the jaw with each respira- 
tory effort are signs of the presence of 
marked depression and on-coming paraly- 
sis. With the first sign of the onset of 
respiratory depression the patient should 
be exposed to high concentrations of oxy- 
gen. Even the administration of 100 per 
cent oxygen to a patient with extremely 
shallow respiration may not deliver suffi- 
cient oxygen to the alveoli to satisfy tissue 
needs. Pressure on the bag with each in- 
spiration will help a good deal in carrying 
the oxygen further down the tracheo- 
bronchial tree. It is suggested that these 
patients be exposed to a mixture of helium 
oxygen (80-20 per cent respectively). The 
vehicle helium, being considerably lighter 
than nitrogen, makes this combination of 
gases more easily respirable. Muscles not 
paralyzed but weakened can thus carry 
in a stream of these gases much more read- 
ily than they can air. Carbon dioxide, 
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though a definite respiratory stimulant, 
felt by CoTui” to cause a further lowering 
of the blood pressure in patients under 
spinal anesthesia. 

The presence of complete paralysis calls 
for artificial respiration either by chest 
compression or by rhythmic pressure on 
the rebreathing bag, filled with oxygen or 
helium oxygen. In the unconscious patient 
the introduction of an intratracheal tube 
will assure an open airway. The use of a 
Drinker respirator to maintain artificial 
respiration over a longer period of time 
may be employed. 

Supplementary Anesthesia. Occurring 
more often with procaine than with ponto- 
caine or nupercaine is the uncomfortable 
experience of having the operative pro- 
cedure outlast the anesthesia. If the anes- 
thesia begins to wane during abdominal 
closure the anesthetist may request the 
surgeon to infiltrate the recti with 1 per 
cent procaine to relieve muscular tension. 
With one hand under the peritoneum the 
solution is injected through a long needle 
carried through the exposed border of the 
rectus muscle deep into the muscle along 
its lateral borders. If the anesthesia begins 
to wear off during an upper abdominal 
operation, an anterior splanchnic block 
may be performed in addition. 

To supplement a diminishing effect of 
the spinal anesthesia with either nitrous- 
oxide oxygen or ethylene oxygen is not 
satisfactory and has definite disadvantages. 
Sufficient relaxation is not obtained for 
upper abdominal closure nor for lower 
abdominal closure in vigorous patients. 
The patient under these gases is exposed 
to a minimum of oxygen. The latter is of 
definite danger since the patient may be 
just recovering from some degree of respira- 
tory or circulatory depression with asso- 
ciated tissue anoxia. The only gaseous 
anesthetic which exposes the patient to a 
satisfactory amount of oxygen and which 
is capable of rendering sufficient relaxation 
in all but the most vigorous of patients Is 
cyclopropane. This gas seems to be pecul- 
iarly adapted to this particular problem in 
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anesthesia. Patients insufficiently medi- 
cated or apprehensive can be kept asleep 
with a minimum of this gas even in the 
presence of good spinal anesthesia, with 
no harmful effects. In upper abdominal 
surgery the administration of this gas asso- 
ciated with spinal anesthesia abolishes the 
nausea, retching and vomiting that often 
occur. The oxygen content in the respired 
mixture may indeed render a useful pur- 
pose. It may to some degree abolish the 
tendency to tissue anoxia that might 
be present. Cyclopropane of itself can 
depress respiration. It is suggested: that 
administration of this gas to a patient 
under spinal anesthesia be started with 
only partial carbon dioxide absorption. 
With the patient in Trendelenburg with 
viscera and packs interfering with the 
downward excursion of the diaphragm 
helium-oxygen with or without cyclopro- 
pane is sometimes of value in maintaining 
satisfactory pulmonary ventilation. 

The administration of barbiturates intra- 
venously has been recommended to supple- 
ment a waning spinal anesthesia. Inasmuch 
as the administration of a barbiturate by 
this method may be followed by a degree of 
respiratory depression and fall in blood 
pressure, there is much to say against this 
procedure particularly if the patient is 
recovering from just such a state of affairs. 


COMPLICATIONS 


In considering the relative postoperative 
morbidity following spinal and other meth- 
ods of anesthesia a simple comparative 
percentage estimation is not suflicient to 
give a true estimate of their values. Of 
two series of cases it is likely true that 
spinal anesthesia was administered to 
many patients in whom an inhalation 
anesthesia was contraindicated. The pres- 
ence of diabetes, nephritis and pulmonary 
complications may have placed these pa- 
tients in the list of those having had spinal 
anesthesia. Patients in whom good relaxa- 
tion was necessary for the surgery may 
have also been included. Patients in this 
latter group may have been suffering with 
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intestinal obstruction, acute appendicitis 
with abscess formation, perforated duo- 
denal ulcer and other upper abdominal 
surgery. All these are poor surgical risks 
and are the type of patients who develop 
postoperative complications. For that rea- 
son it is very difficult to determine exactly 
from published statistics the true relative 
dangers of the various types of anesthetic 
agents or procedures. 

Emmett,!? in a series of 1415 cases, em- 
ployed this type of anesthesia five times as 
frequently as general anesthesia for biliary 
tract and stomach surgery. It was em- 
ployed sixteen times for partial gastrec- 
tomy in comparison to general anesthesia 
which was employed but once. Of 5 deaths 
he attributes due to the anesthesia, 2 were 
respiratory and the remaining 3 he feels 
“might well be attributed to faulty selec- 
tion of patients for spinal anesthesia.” In 
spite of the much higher percentage of 
patients in whom upper abdominal surgery 
was done under spinal anesthesia and in 
spite of the fact also that almost twice 
as many intra-abdominal operations were 
performed under this method, the incidence 
of violent respiratory infections under this 
procedure was exactly the same as that 
occurring after 1541 cases of general anes- 
thesia. Of 526 intra-abdominal cases oper- 
ated upon under general anesthesia 4 
developed violent respiratory infections, an 
incidence of 0.76 per cent. Of 1013 spinal 
anesthesias for intra-abdominal surgery the 
postoperative incidence of violent respira- 
tory complications was 4, or 0.49 per cent. 
Mild respiratory infections, however, were 
greater following spinal anesthesia. In 
these series of cases no death occurred from 
spinal anesthesia in a patient who was a 
good surgical risk. 

Hanisch comparing the postoperative 
complications in 150 cases done under 
spinal anesthesia with a like number done 
under ether finds the pulmonary complica- 
tions about equal in both groups. King” 
reporting 1500 cases of spinal anesthesia 
finds no death due directly to the anes- 
thesia. The anesthesia may have perhaps 


New Series Voc. XXXIV, No. 3 


acted as a contributory factor in 6 deaths, 
he feels. The operative findings in these 6 
cases are: (1) intestinal obstruction with 
gangrene of ileum; (2) multiple penetrating 
and perforating gunshot wounds of the 
abdomen; (3) acute intestinal obstruction; 
(4) strangulated inguinal hernia with per- 
foration of the sigmoid and generalized 
peritonitis; (4) strangulated femoral hernia 
and (6) hypertrophied prostate. Pulmonary 
complications were manifest in 6.8 per cent 
of these patients. This includes all types 
of respiratory involvement and is felt by 
King to be low. 

Orkin,® in studying collected statistics 
from many clinics, finds that the incidence 
of postoperative pulmonary complications 
is high. Rapoport” investigated the com- 
parative postoperative morbidity following 
the use of both spinal and inhalation anes- 
thesia for five different types of surgical 
procedures. The totals in each series were 
fairly close. The percentage incidence for 
all complications, pulmonary complications 
and deaths were all lower in the spinal 
anesthesia series. Here, again, complica- 
tions were less despite the fact that in these 
series there were more than two and one- 
half times as many upper abdominal sur- 
gical procedures done by this method as 
were done under general anesthesia. 

The annual report of the Waters group 
at Madison, for the year 1935, as well as 
for the two previous years, presents a com- 
plete and painstaking analysis of the rela- 
tionship of postoperative complications to 
anesthetic agents and methods. Major 
respiratory complications following all 
types of anesthesia occurred in 1.58 per 
cent of the cases. The incidence of the 
same type of complication following ether 
anesthesia was 3.13 per cent and after 
spinal anesthesia it was 1.17 per cent. 


INDICATIONS AND CONTRAINDICATIONS 


Spinal anesthesia may be employed for 
any operation below the diaphragm. This 
procedure has been recommended for thor- 
acic surgery. With our present techniques 


Saklad—Spinal Anesthesia 


American Journal of Surgery 529 
an anesthesia for thoracic surgery calls for 
higher punctures, greater dosage or both. 
Inasmuch as attempts to produce as high 
an anesthesia as is necessary for this type 
of surgery increase the concentration of the 
agent higher up in the canal than is usual 
for intra-abdominal surgery, a more thor- 
ough interference with respiration may 
result. Thus, the chances for respiratory 
failure are greater. Thoracic surgery may 
easily be done under the gases with cyclo- 
propane particularly suited. 

Spinal anesthesia is indicated in the 
presence of pulmonary disease as bronchi- 
tis, brochiectasis, emphysema, active tu- 
berculosis and asthma. Since this procedure 
has less effect on blood sugar than does 
ether anesthesia it is indicated in the pres- 
ence of diabetes. Since it seems to have 
less irritant effect on the kidneys renal 
disease may indicate its use. Patients 
suffering from advanced surgical shock, 
hemorrhage or marked debility do not 
stand the procedure very well and con- 
traindicate its use. Patients with extremes 
in blood pressure also do not do well under 
this method. The presence of skin infection 
at the puncture site or cerebrospinal syph- 
ilis contraindicate the method. 

Simple superficial surgical procedures 
had best be done under some other method 
of regional or inhalation anesthesia. In 
operations of the lower extremities where a 
good deal of relaxation is desired, as in 
open reduction of the femur, this method 
is of value. 

It seems to be the anesthesia of choice 
in transurethral surgery, strangulated her- 
nias, and acute intra-abdominal surgery, 
with the exception of ruptured tubal 
pregnancy and hemorrhage. Intra-abdom- 
inal surgery requiring adequate exposure 
and relaxation in vigorous and muscular 
adults is aided by this method. 

Patients with acute intestinal obstruc- 
tion in whom an attempt is to be made to 
relieve the cause of the obstruction, as 
freeing of adhesions, are benefited by spinal 
anesthesia. In advanced cases of obstruc- 
tion in whom only relief from the toxemia 
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is to be attempted as colostomy or ileos- 
tomy, simple field block may be sufficient. 


CONCLUSIONS 


The administration of spinal anesthesia 
is technically simple. The ability to per- 
form a lumbar puncture and inject an 
anesthetic solution does not qualify one to 
administer a spinal anesthesia to a human 
being. A knowledge of the fundamentals, 
agents and methods of spinal anesthesia 
coupled with proper and intelligent choice 
and care of patients will do much to dimin- 
ish the number and severity of accidents 
attributable to this method of anesthesia. 
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HOICE of anesthesia for operations 

( | on the neck frequently proves difli- 
cult. For many operative procedures, 
inhalation anesthesia is satisfactory to both 
patient and surgeon, but in certain in- 
stances inhalation anesthesia may present 
difficulties unless an intratracheal tube is 
used. General anesthesia produced by pen- 
tothal sodium solution injected intra- 
venously is satisfactory for operative 
procedures of short duration. Regional 
anesthesia, however, has a definite field 
of usefulness if patients are suffering from 
asthma, bronchitis, emphysema, bron- 
chiectasis, or other conditions that contra- 
indicate the use of general anesthesia. For 
certain operative procedures, particularly 
those involving the larynx, it Is essen- 
tial that the cough reflex be maintained 
throughout; regional anesthesia will permit 
this. Patients suffering from carcinoma of 
the tongue may require ligation of the 
external carotid artery preliminary to 
fulguration of the lesion. Paravertebral 
block will provide adequate anesthesia for 
this operation and the danger of postopera- 
tive pneumonia is reduced to a minimum. 
Reference to further application of regional 
methods will be made later in this article. 


ANATOMY 


The sensory innervation of the neck is 
chiefly through the second, third and fourth 
cervical nerves (Fig. 1). After emerging 
from their respective intervertebral for- 
amen, each of these nerves passes behind 
the vertebral artery and reaches the tip 
of the corresponding transverse process at 
which point they become accessible for 
blocking by the paravertebral method, 
either by the lateral or posterior routes. 
Paravertebral block or deep cervical block 
is the term applied to a method by which 


anesthesia is produced by distributing an 
anesthetic drug in solution close to the 
vertebral column in the region where the 


Fic. 1. Sensory innervation of head and neck. (Tovell. 
Surg. Clin. N. Amer., 15: 1277-1292 |Oct.] 1936.) 


nerves emerge from the intervertebral for- 
amina. To reach these points, needles may 
be inserted through the structures of the 
neck lying lateral to the transverse process, 
or through those lying posterior to the 
transverse processes. The lateral route is 
employed when the operative procedure is 
to involve anterior or lateral structures of 
the neck and the posterior route is em- 
ployed for operations such as insertion of a 
bone graft or laminectomy. 

The posterior primary divisions of the 
cervical nerves supply the posterior struc- 
tures of the neck and head, and overlap, in 
the upper region of the back, the area sup- 
plied by the dorsal nerves. The anterior 
primary division of the second, of the third, 
and of the fourth cervical nerves each 


* After Sept. 1, 1936, Chief Anesthetist, Hartford Hospital, Hartford, Conn. 
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divides into an ascending and descending 


branch. These branches are connected in a 
series of loops which lie close to the trans- 


Fic. 2. The anterior primary divisions of the second, 
third and fourth cervical nerves enter into the 
formation of the cervical plexus (semidiagram- 
matic). The ansa hypoglossal nerve which supplies 
the muscle overlying the thyroid gland may be 
noted. 


verse cervical processes, under cover of the 


sternocleidomastoid muscle, thus they con- 
stitute the cervical plexus (Fig. 2). From 
these loops, superficial and deep branches 
are given off. The superficial cervical 
branches pierce the deep fascia of the neck 
at a point midway between the origin and 
the point of insertion of the sternocleido- 
mastoid muscle (Fig. 3). From this point 
the lesser occipital, great auricular, cuta- 
neous colli, and the three supraclavicular 
nerves radiate to supply their respective 
cutaneous regions. These nerves may be 
blocked as they emerge from the deep 
fascia (superficial cervical block), or the 
cutaneous areas which they supply may be 
infiltrated. 


PRELIMINARY MEDICATION 


If regional anesthesia is to be successful, 
preliminary medication must be adequate 
to allay fear, and thus retard the produc- 
tion of excessive amounts of epinephrine. It 
is also essential to provide prophylaxis 
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against any untoward reaction to procaine. 
Sodium ethyl 1-methylbutyl barbituric 
acid (pentobarbital sodium) grains 1.5 


Fic. 3. Superficial branches of the cervical plexus and 
the areas which they supply. (Tovell. Surg. Clin. N 
Amer., 15: 1277-1292 [Oct.} 1936.) 

(0.097 gm.) or grains 3 (0.20 gm.), may be 
given orally an hour before bedtime the 
night prior to operation. Another dose of 
1.4 grains of the same sedative may be 
administered orally at 7 o’clock on the 
morning of operation. An hour before 
operation the patient may be given 1.5 or 
3 grains of pentobarbital sodium orally. 
Morphine, grain (0.01 gm.) with atro- 
pine, grain 450 (0.0004 gm.) may be given 
by homadiaeiet injection at the same time. 
Decision regarding the amount of pento- 
barbital sodium may be based on the 
patient’s response to the dose administered 
the night previous to operation. 


CERVICAL BLOCK: POSTERIOR ROUTE 


The patient lies face downward. His 
thorax is supported on pillows, and his 
head is bent forward until his forehead 
touches the table. The spinous processes 
can be defined by palpation and counted 
from the seventh, which is most prominent. 
The sixth cervical vertebra has the most 
prominent transverse process (tubercle o! 
Chassaignac), and this is on a level with 
the cricoid cartilage. A wheal is raised 2 cm. 
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lateral to the median line on each side 
(Fig. 4) opposite the spinous process of the 
second cervical vertebra. Intracutaneous 


reintroduced in a slightly more oblique 
direction. It is inserted 1 cm. beyond the 
point at which the bone of the lateral as- 
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Fic. 4. Cervical block by the posterior route; 5 c.c. of 1 per cent solution of procaine with cobefrin 
is injected through each needle. Infiltration with a solution of 0.5 per cent procaine with 
cobefrin intradermally and subcutaneously in the shape of an inverted u completes the block. 
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Fic. 5. Cross section of the neck at the level of the third cervical 
vertebra, indicating the line of insertion the needle must follow 
when deep cervical block is undertaken by the posterior route. 


Injection is continued from these points as 
far as it may be necessary to block. This 
procedure is less painful than is that of 
raising individual wheals for insertion of 
each needle. An 80 mm. needle is intro- 
duced through the wheal first raised; it is 
inserted laterally and anteriorly until the 
point impinges on the posterolateral aspect 
of the transverse process of the vertebra. 
The needle is then partially withdrawn and 


pect of the vertebral arch (Fig. 5) was last 
palpated and 5 c.c. of a 1 per cent solution 
of procaine (Fig. 6) with cobefrin (Fig. 7), 
is injected. This solution should be warm. 
Preliminary aspiration is always made to 
prove to the anesthetist’s satisfaction that 
the needle has not entered a vessel and 
that the injection will not be intravascular. 
The entire procedure is then repeated on 
the opposite side. When all the needles are 
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When the infiltration is made with a cold 
solution, the duration of anesthesia will be 


sufficient for exploratory laminectomy or 


similarly placed, one is confronted with 
two lines of needles, the shafts of which 
cross the median line. Following injection, 


Fic. 6. Tray for regional anesthesia. The contents of one ampoule are added 
to the 95 c.c. of saline solution in the small graduate to make a 1 per cent 
solution of procaine and cobefrin 1:40,000. The contents of the second 
ampoule, added to the 195 c.c. of saline solution in the large graduate, make 
a 0.5 per cent solution of procaine and cobefrin, 1:80,000. 


the needles are withdrawn and the space 
between each two points of insertion is 
infiltrated (Fig. 4) with a cold 0.5 per cent 
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Fic. 7. Cobefrin (1, 2-dihydroxyphenyl-4-propanola- 
mine) is a vasoconstrictor similar in action to 
epinephrine except that it is less likely to cause 
pallor, palpitation, or syncope in comparative 
dosages. 

solution of procaine with cobefrin. The 

injection is made both intradermally and 

subcutaneously, and is carried down to the 
level of the transverse processes. A similar 
injection is made across the median line 
between the first two wheals raised on each 
side, opposite the spine of the second 
cervical vertebra, thus completing the 


block. 


for insertion of a bone graft. This method is 
particularly useful for insertion of a bone 
graft when the general condition of the 
patient contraindicates the use of inhala- 
tion anesthesia. In order to obtain the 
graft, the area of the tibia required may be 
rendered insensitive by field block anes- 
thesia.’ A solution of 0.5 per cent procaine 
with cobefrin will produce the desired 
result. Laminectomy performed to relieve 
pressure on the spinal cord may be accom- 
plished without supplementary anesthesia. 
In the course of the removal of a tumor of 
the spinal cord, if it is necessary to interfere 
with a posterior nerve root, the patient will 
complain of pain, and supplementary 
general anesthesia may be required tem- 
porarily during this phase of the operation. 


DEEP CERVICAL BLOCK: LATERAL ROUTE 


The patient lies on his back, with his 
head, supported by one thin pillow, turned 
well toward the side. The tip of the mastoid 
process is palpated. A wheal, raised 1 cm. 
posterior and 1 cm. caudad to the tip, 


!Lunpy, J. S. and Tovett, R. M. The technique of 
nerve blocking for various orthopaedic operations. 
Brit. Jour. Anaesthesia, 12: 52-61 (Jan.) 1935. 
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indicates the point of insertion for the 
80 mm. needle by means of which the 
second cervical nerve may be blocked. 
Next, the external jugular vein is com- 
pressed at a point immediately above the 
clavicle. The vein becomes distended and 
the point at which it crosses the posterior 
border of the sternocleidomastoid muscle 
is readily noted. Another wheal is raised 
I cm. posterior and 1 cm. cephalad to this 
point. A needle 50 mm. in length used in 
blocking the fourth cervical nerve is in- 
serted through the lower wheal. In order to 
block the third cervical nerve, a similar 
needle is inserted through a wheal raised 
midway between the two (Fig. 8). 

A right-handed anesthetist stands at the 
head of the operating table when injecting 
the anesthetic into the patient’s right side, 
and when injecting into the left side, he 
finds it convenient to stand facing the 
patient’s left side. For a left-handed anes- 
thetist the stance is reversed. An 80 mm. 
needle is inserted through the upper 
wheal, and the forefinger of the other hand 
is used to palpate the tip of the prominent 
transverse process of the sixth cervical 
vertebra. The needle is directed downward, 
inward and backward until bone is en- 
countered. It is essential that the needle 
impinge upon the most superficial bone in 
the region (Fig. g). In order to accomplish 
this the needle should not be inserted 
directly inward because of the likelihood of 
missing the tip of the transverse process 
and of entering the spinal canal instead. It 
is an aid if the needle is guided in the direc- 
tion of the finger which is palpating the tip 
of the transverse process ‘of the sixth cer- 
vical vertebra. Fifty mm. needles are 
inserted through the second and third 
wheals in a similar manner. Through each 
of the three needles 10 c.c. of 1 per cent 
solution of procaine with cobefrin is in- 
jected in divided doses, after it has been 
demonstrated by aspiration that each 
needle is neither within a blood vessel nor 
within the dura. This is the basic procedure 
employed to establish regional anesthesia 
for operations involving lateral and an- 
terior structures of the neck. 
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SUPERFICIAL CERVICAL BLOCK 


Superficial cervical block constitutes the 
second line of defense in providing anes- 


Fic. 8. Landmarks for deep cervical block. The upper 
wheal through which the second cervical nerve is 
reached is raised 1 cm. posterior and caudad to 
the tip of the mastoid process. The lower wheal 
through which the fourth cervical nerve is reached, 
is raised 1 cm. posterior and cephalad to a point at 
which the external jugular vein crosses the posterior 
border of the sternocleidomastoid muscle. The 
wheal for the third cervical nerve is raised midway 
between these two. 


thesia for a major surgical operation on 
the neck. The superficial branches of the 
cervical plexus may be blocked as they 
wind over the posterior border of the 
sternocleidomastoid muscle; 20 c.c. of a 
0.5 per cent solution of procaine with 
cobefrin may be used, and should be in- 
jected subcutaneously over the sterno- 
cleidomastoid muscle (Fig. 10). 

For operations necessitating an incision 
in the midline posteriorly, cervical block 
by the posterior route followed by infiltra- 
tion as described in the foregoing, is suffi- 
cient. For major operations which involve 
the anterolateral structures of the neck, 
deep cervical block by the lateral route 
followed by superficial cervical block, are 
the basic procedures required to produce 
regional anesthesia. Additional procedures 
must be undertaken for certain operations, 
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and for all operations it is customary to 
establish a third line of defense by infiltrat- 
ing intracutaneously in the line of incision. 
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nerves on each side. The interval between 
the hyoid bone and the thyroid cartilage 
is located (Fig. 11). A 50 mm. needle may 


Fic. g. Cross section of the neck at the level of the third cervical 
vertebra, indicating the line of insertion the needle must follow 
when deep cervical block is undertaken by the lateral route. (Tovell. 
Surg. Clin. N. Amer., 15: 1277-1292 |Oct.] 1936.) 


Fic. 10. Superficial cervical block is accomplished 
by injecting subcutaneously 20 c.c. of 0.5 per cent 
solution of procaine with cobefrin (a) deep to the 
external jugular vein but (b) over the sterno- 
cleidomastoid muscle. 


SUPERIOR LARYNGEAL BLOCK 


For laryngofissure, or laryngectomy, it Is 
necessary to block the superior laryngeal 


be introduced through the skin overlying 
the depression between these two struc- 
tures, and inserted inward and posteriorly 
until the first sense of resistance has been 
passed; 5 c.c. of a 1 per cent solution of 
procaine with cobefrin is injected slowly, 
and the procedure is repeated on the op- 
posite side. This injection may be made 
without danger, provided tracheotomy has 
been performed. If a tracheal stoma is not 
present, the point of the needle may reach 
to the submucosa layer. Injection in this 
situation may produce an edematous bleb 
within the larynx, and a partial obstruction 
may thus be converted into a complete 
obstruction. If during the injection the 
patient complains of his breathing, or if he 
coughs, it is well to discontinue injection 
temporarily. The needle should be par- 
tially withdrawn before the injection is 
completed. 

To complete the block for laryngectomy, 
and to provide anesthesia of sufficient dura- 
tion, it is well to infiltrate the skin bilater- 
ally with a cold solution of 0.5 per cent 
procaine with cobefrin along the lines a to b 
to c to d (Fig. 12). Following this type of 
preparation the vocal cords may be exposed 
or the larynx may be removed without 
causing undue pain. It will be necessary 
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that the floor of the mouth be injected in 
several places, 5 c.c. of a 0.5 per cent solu- 


tion of the same anesthetic being deposited 


for the surgeon to infiltrate the tissue be- 
tween the larynx and esophagus in order to 
desensitize twigs from the vagus nerves. An 


Fic. 11. Blocking the superior laryngeal nerve. 


injection of 10 c.c. of 0.5 per cent solution 
of procaine with cobefrin on each side will 
usually suffice for this purpose. With the 
same preparation, bilateral deep and super- 
ficial cervical block followed by infiltration, 
as indicated in Figure 12, may be employed 
preliminary to excision of a cyst of the 
thyroglossal duct, provided the injections 
are carried deep enough to desensitize the 
base of the tongue. Unilateral deep block 
and superficial cervical block have been 
found particularly useful as a preparation 
for ligation of an external carotid artery 
or for the first stage of excision of a diver- 
ticulum of the esophagus. For the second 
stage, infiltration on each side of the line 
of incision is sufficient. When the sub- 
mental and submaxillary glands are to be 
removed it is necessary to employ the basic 
anesthetic procedures and also to infiltrate 
0.5 per cent solution of procaine with cobe- 
frin along the line of the jaws and the line 
of the incision (Fig. 13). It is also essential 


Fic. 12. Lines of intradermal and subcutaneous 
injection in final preparation for an incision in 
the median line. 

in several regions as indicated in Figure 13. 
For excision of cervical lymph nodes for 
biopsy, anesthesia may be produced by 
means of a field block, that is, infiltration 
around and under the lesion. For trach- 
eotomy or for interruption of the phrenic 
nerve, infiltration in the line of incision 
has proved satisfactory. 

For operations on the thyroid gland, the 
basic anesthetic procedures, deep and 
superficial cervical block,? may be em- 
ployed. In the majority of cases, however, 
satisfactory anesthesia may be produced by 
superficial cervical block followed by in- 
filtration of the skin and subcutaneous 
tissue in the line of incision and in the 
region of the flap that is to be raised. An 
injection of 10 c.c. of a 1 per cent solution 
of procaine with cobefrin (Fig. 14, a-b) is 

2 Lunpy, J. S. Local anesthesia for operations on the 


neck. Current Res. Anesth. and Analg., 8: 153-160 
(May-June) 1929. 
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usually sufficient to accomplish superficial 
cervical block on each side. From 60 to 
80 c.c. of a 0.5 per cent solution of procaine 


Fic. 13. For certain operations it is necessary to infil- 
trate intradermally a to c to b over the lower margin 
of the jaws. The line of incision a to d to b is also 
infiltrated with 0.5 per cent solution of procaine with 
cobefrin. From this line the floor of the mouth may 
be injected in several places, as indicated by the 
arrows. 


with cobefrin is usually sufficient for the 
infiltrative part of the procedure (Fig. 14, 
a-c, a-d, a-e). The descendens hypoglossi,’ 
the nerves supplying the sternohyoid and 
sternothyroid muscles, may be blocked by 
injecting subcutaneously 5 c.c. of a 1 per 
cent solution of procaine with cobefrin 
immediately anterior to the anterior border 
of each sternocleidomastoid muscle on a 
line (Fig. 14, f) between the notch of the 
thyroid cartilage and the point at which 
the external jugular vein crosses the pos- 
terior border of the sternocleidomastoid 
muscle. Following this type of injection it 
may be necessary for the surgeon to in- 
filtrate the region of the superior pole of 
the thyroid gland as it is approached. The 
alternative method is to administer “gas” 
to the patient during the short interval of 


3 BARTLETT, WILLARD and BARTLETT, WILLARD, JR. 
A safe and satisfactory method of anaesthesia for toxic 
goiter patients. Surg., Gynec., and Obst., 58: 737-740 
(April) 1934. 
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intervention in this region. Nitrous oxide 
may be used for this purpose, but for a 
patient with a high basal metabolic rate, 


Fic. 14. Superficial vertical block (a-b) may be pro- 
duced by infiltrating subcutaneously over the 
sternocleidomastoid muscle on each side with 10 c.c. 
of 1 per cent procaine and cobefrin 1:40,000. The 
descending hypoglossal nerve and the descending 
cervical nerve may be blocked on each side with 
5 c.c. of 1 per cent procaine and cobefrin solution at 
a point (f) immediately anterior to the sternocleido- 
mastoid muscle, on a line between the notch of the 
thyroid cartilage and the point at which the external 
jugular vein crosses the posterior border of the 
sternocleidomastoid muscle. Infiltration (a-c, a-d, 
a-e) with 0.5 per cent procaine and cobefrin solution 
completes the block. 


for whom the need for oxygen is increased 
over the normal, cyclopropane is an ex- 
tremely useful gas. With this potent gas, 
adequate anesthesia may be maintained 
without the production of anoxemia. 

For patients with gross distortion of the 
neck caused by multiple large adenomas, 
resort to combined bilateral deep and 
superficial cervical block is good practice. 
A procedure dependent on bony landmarks 
is preferable to one dependent on Iand- 
marks in soft tissue that has become dis- 
torted. Inhalation anesthesia may be used 
to supplement the regional anesthesia in 
the few cases in which it is necessary, anc 
if signs of obstruction should develop, a: 
intratracheal tube may be introduced. A 
detailed consideration of that problem doe 
not come within the scope of this paper. 
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CAUDAL AND TRANSSACRAL BLOCK 


BriAN C. Sworpb, M.D. 


Attending Anesthetist, Grace Hospital and Chairman of the Department of Anesthesia 


NEW HAVEN, CONN. 


OR the past three decades or more it 

has been known that any of the desired 

spinal nerves may be blocked for anes- 
thetic purposes. The term caudal trans- 
sacral block was first employed by the late 
Gaston Labat, and it is one of our most 
dependable forms of regional anesthesia in 
selected cases.! In 1935 Lundy subdivided 
caudal block into high and low. Caudal 
block is performed by depositing the anes- 
thetic solution through the sacral hiatus 
into the caudal canal, while transsacral 
block is accomplished by injecting the 
sacral foramina on either side. While this 
procedure has been described very clearly 
by Labat and others, the technique fol- 
lowed in this hospital has been the one 
described by Lundy. 

The patient is placed in the prone posi- 
tion with the hips elevated about 7.5 cm. 
by a pillow or other means, carefully pre- 
pared surgically using metaphen, and 
then draped with sterile towels and sheets. 

In order to find the point at which the 
caudal needle should enter the skin,’ a 
right-handed anesthetist ought to stand at 
the left of the operating table and places 
the tip of his left index finger over the 
distal end of the coccyx. The tip of the 
thumb, when it is held in a vertical posi- 
tion, will rest in a small triangular shaped 
depression over the sacrum, which is 
bounded above by a horizontal line drawn 
from one sacral cornu to the other, and 
may be completed by lines converging 
downward from either cornu to a pro- 
tuberance in the median line that repre- 
sents the distal end of the sacrum. The 
intradermal wheal, through which the 
caudal needle must pass, should be raised 
in the center of this triangle. 

The wheal is then immobilized by pres- 
sure with the left index finger. A medium 
caliber needle, 50 mm. long is attached to 
the spring and inserted through the wheal, 
and directed through the sacrococcygeal 
membrane into the caudal end of the sacral 
canal, slowly injecting 5 c.c., of a 1 per cent 


solution of procaine. The syringe is de- 
tached but the needle should be left in situ 
as a guide for the introduction of the caudal 
needle. 

Insertion of caudal needle, as outlined by 
Lundy, is as follows: The caudal needle is 
grasped between the thumb and middle 
finger of the right hand, the index finger 
pressing the stilet into the needle. The left 
index finger is again returned to the median 
line and the tissue is immobilized as in 
Figure 1. The 50 mm. needle is grasped 
between the ring and little fingers and with- 
drawn and dropped, but one must not 
glance away from the primary wheal. The 
caudal needle is thrust through the per- 
foration made by the 50 mm. needle and 
advanced through the sacrococcygeal mem- 
brane until bone is reached. It is then 
rotated by the thumb and middle finger, 
the index finger holding the point gently 
against bone. After the bevel has thus been 
brought against the bone, the hilt of the 
needle is depressed and the shaft advanced 
through the sacrococcygeal membrane into 
the caudal canal. 

When bony resistance is encountered at 
points low in the caudal canal the caudal 
needle is given a half turn (180°) and again 
advanced. The object of rotating the needle 
is to bring its bevel against the bony ob- 
struction so that the needle will override 
it. With the left index finger one may 
massage the soft tissues overlying the 
sacrum and frequently facilitate the up- 
ward movement of the caudal needle when 
it apparently becomes lodged in the sacral 
canal. It is especially advantageous to 
press the tip of the left index finger into 
the fossa between the sacral cornua in 
order to depress the point of the caudal 
needle and force it into the sacral hiatus. 
The caudal needle is advanced into the 
caudal canal until its point comes to rest 
at the level of the third sacral foramen. 

It is desirable that the point of the needle 
be brought as nearly as possible into the 
center of the caudal canal, that is, in the 
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center of all its diameters. One may esti- 
mate how high the point of the needle lies 
in the canal by measuring the stilet of the 


Fic. 1. Introduction of the 50 mm. needle; a, the left index fin- 
ger; 6, the right hand holding syringe and 50 mm. needle; x, 
the spot through which the needle is to be thrust. (Tovell, R. 
M. in Curtis, Gynecology and Obstetrics, Vol. 3. Saunders 
Co., 1933.) 


needle against the skin posterior to the 
sacral spines. If the point of the caudal 
needle seems to rest against bone it is well 
to withdraw it slightly. If blood is observed 
when the stilet of the caudal needle is 
removed, one may be quite sure that the 
plexus of veins which lines the bony canal 
has been punctured. Obviously intravenous 
injection results if the point of the needle 
lies in this plexus. A small hematoma may 
form in the caudal canal. It is said that 
the tip of the dural sac usually extends to 
the level of the second sacral foramen, and 
in a few instances I have obtained spinal 
fluid with the caudal needle at various 
levels, usually lower than the second sacral 
foramen and have produced spinal anas- 
thesia. If spinal fluid appears, the needle 
should be withdrawn partially so that its 
point lies well below that of the dural sac, 
and a small amount, § to 10 c.c., of I per 
cent solution may be deposited in the bony 
canal. The principal part of the block 
should then be attempted by transsacral 
technique. 

If no blood or spinal fluid appears when 
the stilet is withdrawn from the caudal 
needle, the syringe, not quite filled with 
procaine solution, is attached to the needle 
and gentle aspiration performed, first as 
the needle lies, and again after it has been 
given a half turn (180°). If no blood or 
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spinal fluid appears on the first two aspira- 
tions, 0.5 c.c. of the solution is injected 
through the caudal needle and aspiration 
is repeated. If still no blood or spinal fluid 
appears, injection is continued very slowly 
so that the progress of the plunger through 
the length of the syringe is hardly per- 
ceptible. Twenty c.c. of solution is injected 
through the caudal needle, and this plus 
the 5 c.c. already injected through the 
50 mm. needle brings the total thus far 
deposited in the canal to 25 c.c. During 
the while that the solution is being in- 
jected into the caudal canal through the 
caudal needle the tissue posterior to the 
sacrum is palpated. If solution is injected 
on the posterior surface of the sacrum there 
should be tumefaction or at least back pres- 
sure against the advancing piston. 

When more than 25 c.c. is injected with- 
out a pause patients frequently complain 
of pain in the buttocks or popliteal spaces. 
When a complaint is made, the injection 
should be discontinued for a short period 
and then resumed slowly. Patients who 
give a history of sciatica are particularly 
susceptible to pain caused by pressure on 
the nerve roots. For these persons, slow 
injection throughout, interrupted by fre- 
quent pauses, is necessary. 

In approximately 50 per cent of the 
patients, an area surrounding the anal 
orifice may be anesthetized completely by 
caudal injection alone, if 30 to 35 c.c. of 
solution of 1 per cent procaine has been 
injected and allowed to penetrate the nerve 
trunks for a period of thirty minutes. Fre- 
quently anesthesia may be incomplete, and 
it is necessary to inject the sacral foramina 
posteriorly. This is known as “‘transsacra! 
block,”’ and will now be described. 

In order to find the lateral sacral for- 
amina one must first palpate the posterior 
superior spine. In an obese subject the 
area immediately over this spine will be 
represented by a dimple; in a thin subjec: 
the bony protuberance can be easily felt; 
in the average subject it may be palpatec 
by gentle pressure. In order to locate the 
bony point definitely, the fingers should be 
extended and held stiffly in that positio: 
and with a circular motion initiated from 
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the elbow, the area should be gently pal- 
pated, gradually, increasing the pressure of 
palpation. The first bony prominence en- 
countered represents the posterior superior 
spine of the ilium. The point through which 
the needle entering the second sacral for- 
amen should be inserted, is situated 1 cm. 
caudal and 1.5 cm. mesial to the posterior 
superior spine of the ilium. The landmarks 
for the first sacral foramen can be found 
1 cm. cephalad and 1.5 cm. mesial to the 
spine. To find the point of entry of the 
needle reaching the third and fourth sacral 
foramina, the anesthetist should divide 
into three equal parts the distance between 
the landmarks for the needle entering the 
second sacral foramen and the point at 
which the caudal needle has already been 
inserted. The point of juncture between 
the upper and middle thirds is over the third 
sacral foramen, whereas the point of junc- 
ture of the middle and lower third is over 
the fourth sacral foramen. 

Search for the third and fourth foramina 
is made by inserting a 50 mm. needle down- 
ward and inward until bone is encountered. 
The length of the shaft outside the skin 
is measured. The needle is partially with- 
drawn, its direction is changed slightly, and 
search is made for the opening. Finally, the 
sensation of the needle piercing a mem- 
brane will be experienced, and bone will 
not be encountered. The needle is inserted 
approximately 0.75 cm. deeper than that 
previously measured. The same procedure 
is followed for inserting a needle in the 
third foramen. For the second foramen, an 
80 mm. needle is required. Search for the 
opening should be made with the angle 
between the needle in the hand, and the 
caudal needle already in place, approxi- 
mating go°. The needle for the first sacral 
foramen should be inserted at an even 
greater angle. Satisfactory anesthesia can 
usually be obtained by injecting on each 
side 10, 10, 3 and 2 c.c. of 1 per cent solu- 
tion of procaine in the first, second, third 
and fourth foramina, respectively. Anes- 
thesia develops within ten or fifteen min- 
utes after injection and lasts for one or two 
hours. 
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During the past seven years there have 
been between 350 and 600 caudal trans- 
sacral blocks administered in this institu- 
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Fic. 2. a, A 0 mm. needle is inserted through a wheal over the 
sacrococcygeal membrane into the tip of the caudal canal and 
5 c.c. of solution injected to make the insertion of the needle 
painless; b, the 50 mm. needle is withdrawn and the caudal 
needle inserted in its stead and advanced into the caudal 
canal, after being rotated so that the bevel rests on bone, and 
¢, dorsal view of sacrum with caudal needle in position as well 
as those in S1, Su, Sit and Srv (the first, second, third and 
fourth sacral foramina). The maximal quantities that should 
be required for production of anestheisa in any case are indi- 
cated. (Tovell, R. M. in Curtis, Gynecology and Obstetrics. 
Vol. 3. Saunders, 1933.) 


tion. They have been divided roughly into 
three main groups: 

1. The urological service, 50 cystosco- 
pies, 150 abdominal prostatectomies in 
which abdominal field block was employed, 
47 transurethral resections; 

2. Surgical service, 87 hemorrhoidec- 
tomies, 62 posterior resections, 94 fistulas 
and fissures, 17 Kraskes; 

3. Gynecological service, 32 vaginal hys- 
terectomies, 48 vaginal repairs, including 
perineorrhaphies, cystocele and rectocele, 
dilatation and curettage, 27 abdominal 
sections with abdominal field block, 10 
cases in which there was partial or complete 
cardiac decompensation. These anesthetics 
were all administered by various members 
of the Department of Anesthesia. 
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Preliminary medication occupies a very 
important role in the success or failure of 
all local and regional forms of anesthesia. 


amy 3. Sacral block. Relationship of points of iii to the 
posterior superior spines, sacral cornua and distal end of the 
cornua and the distal end of the sacrum. (Tovell, R. M. in 

— Gynecology and Obstetrics, Vol. 3. Saunders Co., 
Its purpose is twofold, (1) to bring all 
patients as nearly possible free from fear 
and anxiety to surgery, and (2) to mini- 
mize against the convulsive symptoms in 
reaction caused by procaine or its derivates. 
The drugs most frequently used are in the 
order listed, barbituric acid derivates, 
opium derivates and scopolamine or hyos- 
cine hydrobromide. The barbituric acid 
derivates divide clinically into two reac- 
tions, (1) sedative slow in action and long 
duration and (2) hypnotic rapid in action 
and short duration.* The opium derivates, 
of which morphine sulphate is the most 
common example, are all specific metabolic 
depressants (C. D. Leake) and are em- 
ployed to allay pain. Scopolamine or hyos- 
cine also lowers metabolism by reducing 
emotional excitement and produces am- 
nesia which is most desirable. It also 
inhibits mucus secretion and in ordinary 
doses stimulates respiration. 

With such potent weapons available pa- 
tients who were considered poor subjects 
for this type of procedure may now be 
done with impunity. Our routine has been 
as follows: (1) Sodium amytal grs. 3 to 6 
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are given the night before at the hour of 
sleep. (2) In the morning one to one and a 
half hour before operation morphine sul- 
phate gr. 1g to 14 depending upon age and 
weight, and scopolamine gr. 4499 to 00, 
are administered. Thirty minutes before 
operation nembutal gr. 1.5 to 3, or seconal 
gr. 1.5 are given. In cases where the men- 
tioned medication has not produced the 
proper amount of sedation as evidenced 
by emotional excitement, we resort to 
intravenous therapy, using a IO per cent 
solution of pentothal sodium or evipal, 
either just before the block is to be per- 
formed or just prior to operation. The 
number of c.c. administered varies with 
the length of time desired to keep the 
patient quiet. We have used from 4 c.c. 
of pentothal to the full 10 c.c. or 1 gm. of 
the drug. While this much given intra- 
venously may shorten the duration of the 
novocaine anesthesia, it does insure a quiet 
patient. We have also found intravenous 
pentothal a very desirable agent to com- 
plete a surgical procedure when the block 
begins to wear off before completion of the 
operation. 

The agents employed during the first five 
years of this series of cases were I and 2 
per cent novocain and pontocaine 0.1 per 
cent with 8 mm. adrenalin chloride 1-1000 
in every 45 c.c. of agent employed. During 
the last year we have been using a solu- 
tion containing 800 mgs. of novocain and 
100 mgs. of pontocaine, with 8 to 10 mm. of 
adrenalin 1—1000 in 50 C.C. Since January I, 
1936, we have been using 800 mgs. of novo- 
cain, 100 mgs. of pontocaine, and cobefrin 
1-2000 in the solution. While we have not 
had a sufficient number of cases to draw 
conclusions, isinteresting to note that there 
was less change in pulse rate and blood 
pressure with the cobefrin than when 
adrenalin or epinephrin were employed. In 
the majority of cases the amounts of fluid 
injected have been 25 to 40 c.c. of a 1 per 
cent solution in the caudal canal, and 8, 6 
and 4 c.c. into the second, third and fourth 
sacral foramina, respectively, on each side. 

Occasionally some unpleasant reactions 
occur in the course of injection or opera- 
tion. The procaine reactions are of two 
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types, the first in which accidental injec- 
tions of the solution into the blood stream 
occur, as mentioned in a previous para- 
graph, characterized by a fall in the blood 
pressure, slowing of the pulse rate, cya- 
nosis, tremor and convulsions in which the 
patient may lose consciousness for a num- 
ber of seconds, more or less, dependent 
upon the amount of agent injected. A 
milder attack occurs occasionally without 
intravenous injection and this may be 
observed by nausea and vomiting, clammy 
skin, slow pulse and faintness. The treat- 
ment for these unfortunate occurrences 
is first of all inhalations of oxygen and 
carbon dioxide or continuous oxygen while 
an intravenous of 10 per cent glucose 
1000 to 1500 c.c. is being administered.‘ 
Waters has shown that in any circulatory 
collapse following subarachnoid block, bet- 
ter results are obtained if oxygen is em- 
ployed immediately and continued during 
the administration of intravenous glucose 
before any cardiac stimulants such as 
adrenalin, caffeine, ephedrin, etc., are 
employed. 

It can be seen from our results that this 
procedure is very valuable in the arm- 
mentarium of the anesthetists. It is re- 
grettable that so many of our leading 
surgeons and anesthetists are satisfied with 
routine general anesthesia. While it is true 
that caudal transsacral block occasionally 
delays the operating room personnel as 
well as the surgeons and anesthetists, in 
selective cases time ought not to be a 
paramount factor. The procedure which is 
best suited for the patient is the one that 
should always be adopted. It has been our 
experience in this institution that the more 
selective the type of anesthesia for the 
individual case, the greater time saving 
for everyone concerned, as well as im- 
proved morbidity. We feel that in cases 
whereby this type of anesthesia is pre- 
ferred, the operating room schedule can 
be so arranged that the block can be per- 
formed either before the operating room 
schedule has started, or while the surgeon 
IS Operating under some other type of 
regional anesthesia, such as subarachnoid 
block or epidural block after the technique 
of Dogliotti or Odom. It may be that the 
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extradural technique described by Odom 
in this current issue may replace caudal 
transsacral block inasmuch as it definitely 
saves time and limits the number of needle 
punctures. While our experience with 
extradural block has been limited to ap- 
proximately 200 cases it is interesting to 
note in comparison with caudal transsacral 
block for certain urological procedures, as 
transurethral resection, that we have had 
a certain amount of sphincter spasm while 
with caudal and transsacral anesthesia the 
relaxation is more complete. This sphincter 
spasm may possibly be attributed to ana- 
tomical abnormalities in which the novo- 
caine does not reach all of the sensory 
nerves. The same might be said in regard 
to a limited number of partial failures when 
caudal alone is employed. 

We have found this method of anesthesia 
exceedingly valuable on the urological, 
gynecological and proctological services, in 
old people who are essentially bad risks, 
patients suffering from acute and chronic 
hypertension and other vascular disturb- 
ances, and patients who refuse general 
anesthesia. 


CONTRAINDICATIONS 


The contraindications are relatively few, 
however one occasionally meets a patient 
who has had a very unpleasant experience 
with some other form of local or regional 
anesthesia, a patient’s refusal, or an objec- 
tive anatomical deformity. 


CONCLUSIONS 


1. Caudal transsacral block offers def- 
inite advantages in selective cases; 

2. Routine anesthesia is inexcusable; 
and 

3. All medical men specializing in this 
branch of medicine should be prepared to 
administer that type of anesthesia which 
is best suited to the patient, whether it be 
regional or general. 


REFERENCES 


1. CampBELL, C. W. Proc. Staff. Meet. of Mayo Clinic, 
12: 667-672 (Oct. 19) 1935. 

2. Tove t, R. A. Anesthesia in Curtis, Gynecology and 
Obstetrics, vol. 3. Phila., W. B. Saunders Co., 1933. 

3. Guepet, A. Anesth. and Analg., 15: 159 (July-Aug.) 


1936. 
4. Seevers, H. M. and Waters, R. H. J. A. M. A., 
99: 961-968 (Sept. 17) 1932. 


BRACHIAL PLEXUS BLOCK 


Epwarp B. Tuony, M.D. 


Section on Anesthesia, The Mayo Clinic 


ROCHESTER, MINNESOTA 


HE success in blocking the brachial 
plexus depends largely on an accurate 
knowledge of the anatomic relation- 
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Fic. 1. Brachial plexus. 
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ships in this region of the neck. Various 
methods of approach to the brachial plexus 
have been advocated, but it has been 
generally conceded that the supraclavicular 
approach of Kulenkampff and Persky’® is 
the most useful and successful. The other 
methods which may be used are: (1) axil- 
lary (Hirschel’); (2) infraclavicular (Bazy 
and Blondin’); (3) paravertebral (Kappis’). 

Essentially, the brachial plexus is com- 
posed of the anterior rami of the fifth, 
sixth, seventh and eighth cervical nerves, 
and the first and second thoracic nerves® 
(Fig. 1). The various nerves converge after 
leaving the intervertebral foramina and 
pass between the scalenus anticus and 
scalenus medius muscles, and lie close to the 
surface of the first rib. The various divisions 
then pass under the clavicle at its median 
point and enter the axilla. The supra- 
clavicular branches supply the supra- 
spinatus, infraspinatus, longus colli, levator 
scapula, rhomboidet major and minor, 
serratus magnus, and scaleni muscles, and 
the shoulder joint. The infraclavicular 
branches supply the teres major and minor, 
latissimus dorsi, and the greater and lesser 
pectoral muscles. 


Of even greater technical importance 
than the anatomic formation and distribu- 
tion of the plexus is the topographic rela- 
tionship of the structures at the base of the 
neck. The main trunks of the plexus are 
bounded internally by the subclavian 
artery, externally by the clavicle, and 
below by the first rib. The subclavian 
artery lies alongside the plexus in the angle 
formed by the first rib and the clavicle, and 
is usually easily palpated with the finger 
since it is quite superficial. The middle 
point of the clavicle is found by measuring 
half of the distance between the acromio- 
clavicular and sternoclavicular articula- 
tions. This point, as a rule, will correspond 
with a line projected from the external 
jugular vein toward the clavicle. At a point 
1.5 cm. above the middle of the clavicle is 
the site at which the skin wheal is raised 
prior to blocking the brachial plexus. 


INDICATIONS FOR BRACHIAL PLEXUS BLOCK 


Livingston and Wertheim'® advocated 
the use of this type of anesthesia in opera- 
tions on severed nerves and tendons of the 
arm and hand, because it permits move- 
ments of individual groups of muscles. The 
method is obviously advantageous in cases 
in which anesthesia is desired in a limited 
region, and in cases in which it is desirable 
that there be a minimum of shock. Frac- 
tures and dislocations have been success- 
fully treated by brachial block but in most 
cases general anesthesia in one form or 
another is preferred by the patients. 
Removal of foreign bodies deeply imbedded 
in the tissues of the arm and hand, and the 
plastic repair of Dupuytren’s contractures 
are common examples of conditions which 
are well adapted to this type of anesthesia. 


TECHNIQUE OF THE SUPRACLAVICULAR 
INJECTION 


Most goree that there 
are few disadvantages to this method 
of approach and that it is technically rela- 
tively easy to block the brachial plexus 
with this method (Fig. 2a). Labat!* recom- 
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mended that the patient lie on his back 
with the head turned toward the side 
opposite the site of injection. The arm on 
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without contacting them, and the needle 
should be withdrawn slightly changing the 
direction before reintroducing the needle. 


Fic. 2a. Relationship of the brachial plexus and the clavicle and subclavian artery: 
X marks the midpoint of clavicle and the dot and the site of injection; b, the relation- 


ship of the first rib to the site of injection. 


the side on which the injection is to be made 
should be held close to the side of the body 
so as to depress the clavicle as much as 
possible. After the middle point of the 
clavicle has been ascertained, a wheal 
should be raised 1.5 cm. above it by inject- 
ing a 0.5 per cent solution of procaine 
hydrochloride. A 50 mm. needle of 20 or 
21 gauge, unattached to a syringe, then 
should be gently introduced downward, 
backward, and inward (Fig. 2b). The 
patient should be instructed to tell the 
operator as soon as he feels any paresthe- 
sias in his arm and hand, because when 
these are elicited 20 c.c. of a 2 per cent solu- 
tion of procaine hydrochloride with epine- 
phrine 1:2600 should be injected without 
deflecting the point of the needle.* 

If paresthesias are not obtained after 
the needle has been inserted 2.5 to 3 cm. it 
will ordinarily contact the upper surface of 
the first rib unless the general direction has 
been missed entirely. If the needle rests on 
the first rib and no paresthesias have been 
obtained, it is possible that it has passed 
between the branches of the brachial plexus 

* This solution is prepared by adding 5 c.c. of a 20 
per cent solution of procaine hydrochloride to 45 c.c. of 
physiologic saline solution at a temperature of 35.7°c. 


One c.c. of a 1:2600 solution of epinephrine hydro- 
chloride is added to the anesthetic solution. 


The usual error is that the needle has been 
placed too far laterally from the subclavian 
artery and clavicle in an effort to avoid the 
vessel. By compressing the subclavian 
artery with the index finger of the opposite 
hand and directing the needle closer to the 
clavicle, paresthesias will usually be ob- 
tained before contacting the rib again. In 
the absence of paresthesias, it is unwise to 
attempt multiple blind punctures in this 
region because of the danger of trauma to 
the blood vessels. Labat has suggested a 
technique that may be used when paresthe- 
sias cannot be obtained. This consists of 
injecting 10 c.c, of a 2 per cent solution of 
procaine hydrochloride beneath the fascia 
overlying the brachial plexus in the direc- 
tion of the first rib, and supplementing this 
by injecting 5 c.c. of the same solution at 
the lateral margin of the first rib and 5 c.c. 
toward the transverse process of the sixth 
cervical vertebra. The supraclavicular re- 
gion is then massaged gently for a few 
minutes in order to hasten diffusion. 
When paresthesias have been produced, 
however, anesthesia of the arm and hand 
may be expected in fifteen to twenty 
minutes following the injection of 20 c.c. 
of 2 per cent solution of procaine hydro- 
chloride. The duration of anesthesia Is 
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usually one to two hours. In the event that 
only partial anesthesia of the hand, for 
example, is obtained, it is frequently possi- 
ble to inject the solution into the nerve 
which supplies the unanesthetized region, 
near its termination or at the wrist. This is 
especially true for the median and ulnar 
nerves which are readily accessible at this 
point. 
COMPLICATIONS 

Perforation of any vessel will not cause 
much trouble provided that the needle used 
is not too large. If a hematoma forms it 
usually will reside subsequently without 
any residual effects. One must guard 
against the intravenous or arterial injection 
of procaine hydrochloride because this 
leads to possible convulsions if sufficient 
solution is introduced. If convulsive sei- 
zures occur they may be controlled by the 
intravenous administration of a barbiturate 
solution, such as pentobarbital sodium. 
The dosage depends on the severity of the 
convulsions and the age of the patient. 

Perforation of the pleura may cause 
dyspnea and pain, but this difficulty is not 
encountered often if one is careful to inject 
the solution superficial to the first rib 
surface. Complete paralysis of an arm 
which lasted for five weeks has been 
reported by Boit,? while other authors have 
reported minor degrees of paresis of the 
arm with transient effects; these are all 
attributable to excessive trauma to the 
nerve trunks. Cases have been reported in 
which transient paresis of the phrenic nerve 
appeared fifteen minutes after injection of 
the solution and disappeared three or four 
hours later. Paresis of the sympathetic 
nerves in the neck and a contracted pupil 
may be observed occasionally. 


CONTRAINDICATIONS 


In cases in which there is evidence of 
disease of the nerve trunk, as in post- 
epidemic encephalitis and in other diseases 
in which there is involvement of the nerve 
trunks or infection in the supraclavicular 
region, it is not advisable to attempt to 
block the brachial plexus. 


SUMMARY 


The supraclavicular approach to the 
brachial plexus is probably the most useful 
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and safest method of anesthetizing this area 
which has been suggested so far. It is 
especially well adapted for operations 
which are confined to the arm, forearm and 
hand, where it is desirable that the patient 
have control of motor function. The method 
is successful in 75 to 80 per cent of cases, 
provided there is close adherence to the 
proper technique. It should not be used in 
cases in which there is obvious disease of 
the brachial plexus or suppuration in the 
supraclavicular region. 

The most serious complication which can 
result from this type of anesthesia is 
permanent injury to the brachial plexus; 
however, with careful technique trauma to 
these nerve trunks will be minimal. 
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EPIDURAL ANESTHESIA 


Cuar_es B. Opom, M.D. 


House Surgeon, Charity Hospital of Louisiana at New Orleans 


NEW ORLEANS, LA. 


HE surgeon of today realizes that 
no one anesthetic or method of anes- 
thesia is applicable to every surgical 
case. He has found that each case must be 
approached as a distinct entity, and that 
the method of anesthesia requires as much 
meditation as the operative procedure to 
be used. At present every method of anes- 
thesia has certain dangers associated with 
its use and these dangers are exaggerated 
in certain types of cases. It is true that 
some patients are poor operative risks no 
matter what type of anesthesia is used but 
this risk can often be lessened by the sur- 
geon who is able to evaluate properly the 
particular type of anesthesia best adapted 
to the case. Every surgeon should acquaint 
himself with all the known types of anes- 
thesia and become familiar with the 
advantages and disadvantages of each. 
With this in mind I wish to call to your 
attention a type of anesthesia which is 
relatively new in this country but which has 
been widely used in Europe and South 
America during the past four years with ex- 
cellent results. The method is a form of 
block anesthesia which derives its name 
from the space into which the anesthetic 
solution is injected. As the epidural space 
extends the entire length of the spinal 
canal, it is possible through a single punc- 
ture to produce an analgesia sufficient to 
carry out any operative procedure below 
the chin without puncturing the dura and 
entering the subarachnoid space. For the 
past nine months I have been using this 
method and the results have been very 
gratifying. Particularly encouraging have 
been the results obtained with cases con- 
sidered to be very poor risks for spinal or 
inhalation anesthesia. 
Although this method of inducing anes- 
thesia is relatively new, the idea of inject- 


54 


ing anesthetic solution into the epidural 
space was first conceived by Corning in 
1885, but he abandoned work along these 
lines to devote his time to the study and 
perfection of subarachnoid or spinal anes- 
thesia. Six years later Cathelin blocked 
the last sacral and coccygeal nerves by 
injecting an anesthetic solution into the 
sacral canal through the sacral hiatus. 
In 1910 Lawen perfected this type of anes- 
thesia which now is widely used in gyne- 
cology and obstetrics. Caudal or sacral 
anesthesia is an epidural type but its use- 
fulness is limited to the perineum. Numer- 
ous attempts have been made to obtain 
abdominal anesthesia by injecting large 
quantities of anesthetic solution through 
the sacral hiatus with the patient in the 
Trendelenburg position. These results have 
been unsatisfactory and for practical pur- 
poses of little value. 

The type of epidural anesthesia now in 
use was first conceived in 1920 by a young 
Spanish surgeon, Fidel Pagés. He found 
that the epidural space could be punctured 
in the lumbar and thoracic regions and thus 
anesthetize the abdomen and the chest. 
The career of this enterprising young man 
was unfortunately shortened by an untimely 
death from pneumonia. Not until ten years 
after Pagés’ death is there any men- 
tion in the literature of epidural anes- 
thesia, when, in 1931, Dogliotti reported 
before the Italian Surgical Congress the 
discovery of what he thought to be a new 
type of anesthesia. In comparing the re- 
ports of Pagés and Dogliotti one is struck 
by their marked similarity; however, Do- 
gliotti does not mention Pagés, and I am 
sure he did not know of his work. At the 
American Congress of Anesthetists in 
1932, Dogliotti reported his results with 
this method of anesthesia. The method 
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did not gain favor in this country; it is 
my opinion that at least one of the reasons 
was that Dogliotti described no definite 
means of localizing the epidural space. 

Harger, of Chicago, in 1934 reported a 
series of 150 cases with very satisfactory 
results by the use of Dogliotti’s method of 
lessened resistance. This method consists of 
engaging the spinal needle in the intraspi- 
nous ligament at the selected interspace and 
then removing the stylet. A 20 c.c. syringe 
is filled with anesthetic solution and then 
attached to the needle. As one hand slowly 
moves the spinal needle inward through the 
intraspinous ligament the other hand holds 
the syringe with the thumb on the piston 
exerting constant pressure. As long as the 
needle tip is in the ligament it is impossible 
to injéct the solution because of the com- 
pactness of this structure. The moment the 
needle enters the epidural space this re- 
sistance is released and the plunger moves 
downward with ease. This method has its 
dangers because it is possible that the 
needle tip may be pushed just a little too 
far and puncture the dura, thus injecting 
the anesthetic solution into the sub- 
arachnoid space. 

A definite method of localizing the epi- 
dural space was discovered in 1927 by 
Heldt and Maloney in experiments de- 
signed to show the cause of postlumbar 
puncture headaches. They reported the 
existence of a negative pressure in the 
epidural space, the cause of which has not 
as yet been explained satisfactorily. The 
most likely explanation is that when the 
back is bowed there is a stretching of 
the spinal canal which increases the space 
included within the potentially closed 
spinal canal and a vacuum results. This 
theory is supported by the fact that the 
greater the ability of the patient to arch 
his back the higher is the existing negative 
pressure. Although this negative pressure 
in the epidural space may be the cause of 
postlumbar puncture headaches it has 
proved of little value in their prevention, 
but Heldt and Maloney did not realize the 
usefulness of their discovery in anesthesia. 
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{t remained for Gutierrez, of Buenos 
Aires, to recognize the value of a negative 
pressure in the epidural space. He devised 
a spinal needle with a concave top that 
would hold a drop of water. Upon punctur- 
ing the epidural space with this needle the 
water was immediately aspirated. This he 
designated “the sign of the drop” which is 
conclusive evidence that the tip of the 
needle is in the epidural space. Gutierrez 
has used this method of anesthesia in over 
3000 cases and is very enthusiastic about 
its possibilities. I first saw epidural anes- 
thesia given on Dr. Gutierrez’s service at 
the Spanish Hospital in Buenos Aires and 
in my work have used his method with 
only a few variations. 

In order to understand the effectiveness 
and safety of this new type of anesthesia 
it is essential to review the anatomy of 
the epidural space. The space extends the 
entire length of the spinal canal from the 
foramen magnum to the coccyx beginning 
above where the thick cranial dura splits 
at the foramen magnum into its two func- 
tionally different layers. The external layer 
lines the spinal canal as the periosteum and 
thick fibrous covering of the ligaments of 
the spine. In the region of the coccyx it 
becomes continuous with the periosteum 
of this bone. The anterior and posterior 
longitudinal ligaments are thick parts of 
this layer. The inner layer becomes the 
true spinal dura and covers the cord as a 
tubular sac. Between these two layers is a 
definite space, the epidural space, which 
contains semiliquid fat and venous plexus. 
The lower end of this space extends dorsal- 
ward to the sacral hiatus. This space is 
fairly large, and at the level of the second 
lumbar vertebra occupies approximately 
one-half the diameter of the spinal canal. 
The subarachnoid space is continuous 
above with the corresponding space of the 
brain. The epidural space, however, is 
found only in the vertebral column, its 
upper end being at the foramen magnum. 
This fact excludes the possibility of sub- 
stances injected into this space getting 
to the medulla or the brain. 
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Fic. 1. Sagittal section through the spinal column show- 
ing location, size and limits of epidural space in dark 
black. A, upper limit at foramen magnum; B, outer 
wall of space formed by lining of spinal canal; C, sub- 
arachnoid space; D, spinal dura forming inner wall of 
epidural space; E, second lumbar interspace site of 
puncture, note relatively large size of epidural space at 
this level; F, sacral hiatus lower end of epidural space. 
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Fic. 2. Diagram of spinal column to illustrate the dif- 


fusion of anesthetic solution from epidural space. 
Note how the fluid leaves the epidural space at each 
intervertebral foramen along the perineural lympha- 
tics. The resulting block is thus seen to be para- 
vertebral. (This has been demonstrated by serial 
radiograms following lipiodo! injections.) 
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The dura is continued as a covering of 
the nerves which emerge through it until 
just after the nerve leaves the intervertebral 
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is in this manner that a massive nerve 
trunk block is accomplished which is com- 
parable to a perfect paravertebral block. 


Fic. 3. Glass indicator devised by us to facilitate the locali- 
zation of the epidural space through the negative pressure 
method; the lumen of the indicator is filled with water. 


foramina. For this reason it is impossible 
for anesthetic solutions to block the spinal 
nerves within the epidural space. The in- 
jected solution infiltrates the semiliquid 
fat surrounding the dura and spreads both 
superiorly and inferiorly. At each inter- 
vertebral foramina some of the solution 
leaves the space along the perineural lym- 
phatics surrounding the nerve trunks. It 


Thus we see that the anesthesia is entirely 
of the nerve roots outside the spinal canal 
and there is no contact whatsoever between 
the anesthetic solution and the centra! 
nervous system. 

The path followed by solutions injected 
into the epidural space was first definitely 
proved by Forestier who injected solutions, 
such as lipiodol, and then took seria! 
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radiograms of the spinal column. The 
opaque substance was seen to infiltrate 
the epidural space and then pass from the 
spinal canal through the intervertebral 
foramina until at the end of several hours 
the entire amount of lipiodol was outside 
the vertebral column. 


ARMAMENTARIUM 


The necessary materials are very simple 
and present in every hospital. 

1. A 2 c.c. hypodermic syringe and 
needle for producing a skin anesthesia at 
puncture site; 

2. A 20 gauge short bevel spinal needle; 

3. A 20 c.c. syringe for injecting the 
solution; 

4. A large medicine glass; 

5. The anesthetic solution of choice; 

6. A small glass indicator. 

This indicator has proved of great value 
in localizing the epidural space. In my first 
cases of this type of anesthesia I found it 
difficult to keep a drop of solution in the 
top of the spinal needle which I used. Fol- 
lowing the suggestion of Dr. Graffagnino 
I cut a small glassadapter, (Luer connect- 
ing tip #420ST) commonly used to connect 
a rubber infusion hose to an infusion 
needle, in half and connected it to the 
spinal needle after it had been engaged in 
the intraspinous ligament. The ground 
glass tip of the adapter made the connec- 
tion air-tight. The lumen of the adapter 
was then filled with sterile solution. This 
small glass cylinder with the enclosed 
fluid made a very delicate indicator. The 
smaller the bore of the cylinder the more 
delicate it becomes. This indicator is very 
easily sterilized and is far less cumbersome 
to use than the spinal manometers or U 
tubes used in some of the European clinics. 
Depending upon the height of the negative 
pressure in the epidural space the fluctua- 
tions of the fluid in the indicator may vary 
from a slight vibration to complete aspira- 
tion. Likewise a positive pressure will be 
registered and the fluid forced outward 
Should a vein be punctured or the tip of 
the needle be accidently pushed into the 
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subarachnoid space. For those who find 
the movement of a clear solution hard to 
follow it is possible to fill the indicator with 
a colored solution such as methylene blue. 


TYPE AND AMOUNT OF ANESTHETIC 
SOLUTION 


It is possible to use any type of anes- 
thetic solution in epidural anesthesia that 
has been safely used in local anesthesia. 
The two important factors which one must 
always bear in mind are as follows: 

1. The anesthetic solution must be 
of sufficient concentration to penetrate 
through the thick neural sheaths which 
exist in the paravertebral region; for this 
reason the solutions used must be of 
slightly higher concentration than that 
used in local anesthesia. 

2. A sufficient quantity of the solution 
must be injected to insure contact with 
and blockage of all the sensory nerves 
supplying the operative field. In my first 
series of cases I attempted to use solutions 
of 1 per cent and 1.5 per cent novocaine 
and found that this concentration was not 
high enough. My results did not become 
uniform until I began using a 2 per cent 
solution of novocaine which was prepared 
from crystals just before injecting. I added 
10 mm. of adrenalin in order to slacken the 
rate of absorption of the novocaine by 
causing a vasoconstriction of the vessels in 
the region injected and thus lessen the 
toxicity of the novocaine as well as prolong 
the length of the anesthesia. I saw several 
cases in this series with minor reactions 
such as pallor of the face, tachycardia and 
complaints of dizziness, which were attrib- 
uted to the adrenalin and ceased following 
its discontinuance. At the present time I 
add adrenalin in only the very poor risk 
cases and then use only 5 or 6 minims. The 
solution is prepared in a large medicine glass 
from sterile novocaine crystals using nor- 
mal saline as a solvent. I usually prepare 
50 c.c. of the solution and vary the amounts 
injected in the following manner: 

35 c.c. for inguinal hernioplasties, ap- 
pendectomies and lower limb operations; 
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| 45 c.c. for gynecological surgery; 

50 c.c. for upper abdominal procedures 
such as cholecystectomy and gastric 
surgery. 

Shortly after completing my first series 
of cases I began searching for an anesthetic 
solution which would give prolonged anes- 
thesia without the addition of adrenalin. I 
found the solution desired when I com- 
bined pontocaine with novocaine. This 
combination has proved extremely satis- 
factory and will give an anesthesia lasting 
from one and a half to two hours. As far as 
I have been able to determine this is the 
first time this combination has been used 
in epidural anesthesia. The solution is 
made up just before injecting by dissolving 
500 mg. of novocaine and 100 mg. of 
pontocaine crystals in 50 c.c. of normal 
saline. The novocaine and_pontocaine 
crystals are now available in 500 mg. and 
100 mg. ampoules respectively. The re- 
sulting 50 c.c. solution has a concentration 
of 1 per cent novocaine and 1s per cent 
pontocaine. 

One of the objections which has been 
raised to this type of anesthesia is that 
the dosage of novocaine used is too high. 
The amount of novocaine crystals in 50 c.c. 
of a2 percent solution is 1 gram, which is the 
maximum dosage used. It must be remem- 
bered that this type of anesthesia is in no 
way comparable to spinal and the dosage 
used is more nearly comparable to local 
anesthesia. In local anesthesia this dosage 
of 1 gram is often exceeded. Braun states 
that 2 grams of novocaine is the maximum 
amount that should ever be employed; 
therefore half that amount would certainly 
seem to be within safe bounds. Larger 
dosages than 1 gram with no ill effects have 
been reported by Dogliotti and Caporale. 
Peham and Americh in their high sacral 
anesthesia use 1.5 grams of novocaine with 
no evidence of overdosage. 


TECHNIQUE 


The position in which the patient is 
placed is extremely important in this type 
of anesthesia. This is readily apparent to 
those who are experienced with spinal 
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anesthesia. The patient may be either 
seated on the operating table or may lie on 
one side, depending upon the position 
preferred by the operator. I prefer to 
have my patient lying down and use 
the sitting position only in cases in which 
it is difficult to arch the back. The side on 
which the incision is to be made is always 
placed down to take advantage of the 
gravitation of more of the anesthetic solu- 
tion to that side. The body is brought to 
the edge of the operating table with the 
back slightly bowed. The shoulders and 
hips should be in a vertical line, for tilting 
of either results in the “corkscrew spine” 
and makes puncture difficult. The lower 
back is then cleansed with an antiseptic 
solution. The second lumbar interspace is 
located by palpation and marked with 
the thumbnail. At this site in the midline 
using the 2 c.c. hypodermic syringe an 
intracutaneous injection of a small quan- 
tity of novocaine solution is performed. 
Through this wheal the 20 gauge spinal 
needle is then introduced until its tip is 
well engaged in the interspinous ligament. 
The stylet is withdrawn and the small 
glass indicator is connected to the spinal 
needle and filled with solution. An assistant 
then arches the back of the patient by 
bringing the chin down onto the chest and 
flexing the thighs and the legs. This causes a 
stretching of the spinal canal and increases 
the negative pressure in the epidural space. 
The back should not be arched before 
everything is in readiness for the puncture 
as an inflow of blood into the peridural 
venous plexus might dilate the veins and 
compensate in part for the increased nega- 
tive pressure and at the same time increase 
the likelihood of venous puncture. 

With the back arched the spinal needle 
is slowly pushed through the interspinous 
ligament. At the point where the needle 
punctures the yellow ligament a snap Is 
felt and the point of the needle enters the 
epidural space. At this same instant the 
fluid in the indicator will be sucked into 
the needle because of the negative pressure 
in the epidural space. This is conclusive evi- 
dence that the tip of the needle is in the 
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epidural space and the anesthetic solution 
can be injected with ease and safety. The 
20 c.c. syringe is then connected to the 


Fic. 4. The patient is shown in correct position with the 
back arched and spinal needle in the epidural space 
at the level of the second lumbar interspace. 

needle and 10 c.c. of the anesthetic solution 

is slowly injected. The fluid flows in freely 
with as little resistance as in intravenous 
injections. A period of five minutes is then 
allowed to elapse. This precaution should 
always be followed by those individuals not 
experienced in giving this type of anesthesia 
as it completely obviates the possibility of 
an accident from subdural injection of the 
solution. At the end of this period the 
sensibility of the lower extremities is 
tested and if the patient has no anesthesia 
and can move his legs one may be certain 
that the needle is not in the subarachnoid 
space and can proceed to inject the re- 
mainder of the solution. If the 10 c.c. of 
solution has been accidently given into the 
subarachnoid space an ordinary spinal 
anesthesia will result. The solution should 
be injected slowly, a short time being al- 
lowed to elapse between each 20 c.c. to 
allow for diffusion of the solution. 
Following the injection of the solution 
the patient lies flat upon the table. If the 
operation to be performed is in the pelvis 
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or lower extremities the patient is placed 
in Fowler’s position to facilitate gravi- 
tation of the solution downward and block- 
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EPIDURAL 
SPACE 
Fic. 5. Sagital section of the spinal column at the 
level used for puncture of epidural space. Note the 
size of the epidural space, subarachnoid space, 
and spinal cord. 


SECOND 
LUMBAR 


age of the sacrococcygeal nerves. A slight 
degree Fowler’s position is also indicated 
in inguinal hernias and appendectomies to 
prevent the upward diffusion of the anes- 
thetic. On the other hand a slight Trendel- 
enburg position should be used when 
anesthesia of the upper abdomen and chest 
is desired. In kidney operations the patient 
should lie for fifteen minutes on the side 
on which the operation is to be performed 
so that the greater amount of solution 
gravitates to that side. 

Pagés and Dogliotti in some of their 
work attempted to obtain a “segmental 
anesthesia” by injecting the solution in 
the region of the nerves supplying the 
segment of the body in which the operation 
was to be performed. Thus they varied 
their site of puncture, at times tapping the 
space in the lumbar region, dorsal or 
cervical regions. This is technically more 
difficult than the method we now use and 
one is more likely to get incomplete anes- 
thesia. I routinely use the second or third 
interspace in the midline as this is the most 
desirable site for puncture for the following 
reasons: 

1. At this level the epidural space is 
larger; therefore it is easier to tap and 
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there is very little danger of puncturing 
the dura. 

2. The spinal processes come off in a 
horizontal plane in the lumbar region and 
with the back arched there is a definite 
widening of the interspace and a puncture 
can be made easily and painlessly. In the 
dorsal spine the processes come off in a 
more vertical plane, making puncture 
difficult. 

3. From this level it has been found by 
observation that anesthesia of any desired 
level can be obtained by taking advantage 
of gravity. 

4. Puncture is made in the midline 
because there is less danger of injuring 
the endorrhachial veins which are lateral. 


MANAGEMENT OF THE PATIENT 


The results of this anesthesia as in any 
other type of nerve block depends a great 
deal upon the proper management of the 
patient. He should be told in advance of 
the type of anesthesia that is to be used, 
its advantages, and the sensations he will 
be likely to experience. Thus the patient’s 
frame of mind is important; he should go 
to the operating room with thorough con- 
fidence in his surgeon and in the anesthetic 
to be used. A neurotic patient or one who is 
particularly desirous of being asleep during 
the operation should not be given this or 
any other nerve block anesthesia unless it 
is absolutely necessary. One-half hour 
before the operation the patient should 
be given morphine 4 gr. and sodium 
luminal, 2 gr. These drugs will tend to 
allay fear and apprehension. In cesarean 
sections no preoperative medication is 
used. 

During the operation an assistant or 
anesthetist properly trained in the psy- 
chological management of patients should 
always be at the head of the table. Such 
an assistant will take a great burden from 
the surgeon’s shoulders as well as make the 
patient comfortable and unapprehensive. 
Often this assistant will succeed in absorb- 
ing the patient’s attention to such an extent 
that he will not know the operation is in 
progress. The surgeon and his assistant 
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should be careful of what is said as the 
patient is easily excited and will remember 
everything that occurs. 

Reaction to Anesthetic Solution. If the 
correct technique is used the patient ex- 
periences no discomfort whatsoever while 
the solution is being injected. In a few 
cases, probably due to an idiosyncrasy of 
the patient, there might be such symptoms 
as pallor and sweats which are purely 
nervous phenomena as they have been 
found to occur following simple puncture 
of the skin. Nausea occasionally occurs and 
is undoubtedly due in most cases to a slight 
sensitivity of the patient to novocaine. 
This is always transitory and soon dis- 
appears. Immediately after the injection 
in most cases there is a slight increase 
in the pulse and respiratory rates. The 
tachycardia is exaggerated when adrenalin 
has been added to the anesthetic solution. 

Blood pressure changes are relatively 
slight in this type of anesthesia and there- 
fore one of its advantages. In those cases 
where the anesthesia is limited to the 
abdomen there is little or no fall in blood 
pressure. When the block includes the 
chest and neck the fall in pressure is grad- 
ual and at the end of twenty minutes 
usually varies from 20 to 30 mm. systolic 
and 10 to 20 mm. diastolic. In a few cases 
the fall was slightly greater but never 
enough to cause the patient discomfort or 
worry about his well being. 

During the period of waiting for the 
onset of anesthesia the patient should be 
kept whenever possible in a room entirely 
separate from the operating room. 

Within ten minutes after the injection a 
band of anesthesia appears in the lower 
abdomen which corresponds to the area 
supplied by the nerves nearest the sight 
of injection. This band slowly widens until 
it has spread up into the chest and down 
into the legs. The usual height to which 
the block extends is just below the clavi- 
cles. However, in a number of cases the 
anesthesia spreads up to the chin, and yet 
ihese patients are perfectly comfortable. 
The explanation of this is apparent when 
one reviews the neurological findings. Usu- 
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ally within fifteen minutes complete sur- 
gical anesthesia is obtained. In some cases 
it is necessary to wait as long as twenty-five 
or thirty minutes. The anesthesia lasts 
one and one-half to two hours, not includ- 
ing the period of onset. It disappears 
gradually from the periphery and last 
from the central zone of anesthesia. 

A point which I cannot stress too 
strongly is that the surgeon should wait 
fifteen or twenty minutes before beginning 
the operation. It must be remembered 
that the anesthetic solution must diffuse 
around the nerve trunks and then penetrate 
their thick sheaths before anesthesia is 
complete. Too early a start before anes- 
thesia is complete may cause the patient to 
be apprehensive throughout the operation. 


NEUROLOGICAL FINDINGS 


In this type of anesthesia the sensory 
nerves are completely blocked but the 
motor nerves are very little, if at all, 
affected. For this reason the intercostal 
and the phrenic nerves are not blocked 
even when the anesthesia has spread as 
high as the chin. Likewise not a single 
case under my observation lost the 
ability to move his legs. This selectivity 
of the sensory nerves cannot be explained 
upon an anatomical basis as the anterior 
and posterior nerve roots are joined within 
the dura and this block is carried out 
extradurally. The most likely explanation 
is that the anesthetic solution has a selec- 
tive action on the sensory fibers and re- 
spects the motor fibers. Even though the 
motor roots are not blocked the abdominal 
muscles are completely relaxed. The relaxa- 
tion is comparable to the type obtained 
with spinal anesthesia. This is due to the 
fact that the nerve reflex has been inter- 
rupted at one point of its sensory pathway. 
Another point as important to the surgeon 
as relaxation is that all visceral sensibility 
is lost, thus facilitating abdominal explora- 
tion. The patient experiences no discomfort 
when traction is used on the gall bladder 
or stomach. This is due to a blockage of 
the rami communicantes. 


Odom—Epidural Anesthesia 


555 


American Journal of Surgery 


From the central zone of anesthesia the 
sensation of pain is the first to disappear. 
Temperature sensibility is next lost and 
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Fic. 6. Transverse section of the spinal canal at the 
level of the second lumbar vertebra. Note the size of 
the epidural space which makes it relatively easy and 
safe to tap. The needles demonstrate the differ- 
ence in position of needle tip for spinal and epidural 
injections, 

last to be blocked is the tactile sense. In 

some cases the sensation of touch is not 

lost completely and as a result the patient 
is aware of the operation but experiences 
no pain. The cutaneous and deep reflexes 
of the abdomen are completely absent. 

The knee jerk also is lost. The achilles 

reflex, however, is always present, which 

proves the contention that the reflex arc 
is always broken in the sensory pathway. 


ACCIDENTS 


In this type of anesthesia there are two 
possible types of accident: first, that in 
which the anesthetic solution may be in- 
jected into the subarachnoid space rather 
than the epidural space, resulting in an 
overdosage of spinal anesthetic; and second, 
hypersensitivity of the patient to the 
anesthetic solution. This second possibility 
at present cannot be avoided, but it is 
hoped that at some time in the near future 
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an anesthetic drug of very low toxicity 
will be discovered which will obviate 
this danger. The first mentioned cause of 
accidents should never occur, and I be- 
lieve will not occur if the operator is always 
careful of his technique. With the negative 
pressure method the epidural space can 
be definitely and safely localized. The five 
minute period following injection of the 
first 10 c.c. should always be reserved by 
those not familiar with the method as an 
interval of waiting. This serves as an addi- 
tional safeguard against subarachnoid in- 
jection. A last precaution to which resort 
can be made when in doubt as to the posi- 
tion of the needle is repeated attempts at 
aspiration while injecting the solution. 

There was one case in this series in which 
I think at least part of the 50 c.c. of 2 per 
cent novocaine was injected intradurally. 
It was my tenth case and up to that time 
I had not taken the precaution of waiting 
after injecting the first 10 c.c. The case 
was that of a very emaciated negro male, 
fifty-three years of age, who had a ruptured 
appendix with localized peritonitis, and 
who had been vomiting for several days. 
Seven minutes after injection of the anes- 
thetic solution the patient’s respiration 
ceased. He was given artificial respiration 
and after fifteen minutes began to show 
signs of recovery. During this interval his 
pulse remained good although there had 
been a marked drop in the blood pressure. 
Within thirty minutes the patient had com- 
pletely recovered. He was returned to the 
ward and treated conservatively using 
Ochsner’s technique. He was discharged 
from the hospital in two weeks in good 
condition. 

The wide variety of operative procedures 
possible under this type of anesthesia is 
evidenced by the following series of the 
past nine months: 
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Hernioplasties. 
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Hemorrhoidectomies............... 
Rib 


Excision of pilonidal sinus...................... 
Suprapubic cystostomies... . . 
Hysterectomies. 
Dilatation and curettage of uterus............... 12 
Laparotomies. 
Exploratory laparotomies.................... 6 
Traumatic abdomen with rupture of bowel... . . 
Pistol shot wounds of abdomen............... 
Stab wounds of abdomen. . idee 
Drainage of acute hemorrhagic pancre: atitis.... 
Ruptured peptic ulcers............ 
Ruptured ectopic pregnancies. .. . . 
Presacral sympathectomy............ 
Myomectomy of uterus........... 


n 
co 


This series though not adequate on 
which to base any definite conclusions will 
give an idea of the possibilities of the wide 
application of this type of anesthesia. The 
most important point which this series 
proved was that epidural anesthesia can 
be used with safety in a group of cases 
which are extremely poor risks for other 
types of anesthesia. It was possible to 
carry Out necessary operative procedures 
in a number of aged individuals with 
arteriosclerotic heart disease and hyper- 
tension. Cesarean sections were performed 
on 2 women with advanced pulmonary 
tuberculosis, 2 with advanced myocardial 
disease and one with diabetes mellitus. Both 
mothers and babies did extremely well. 
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Another group in which epidural anes- 
thesia is indicated are those cases which 
are already in shock and therefore should 
be spared as much additional shock from 
the anesthetic as possible. Included in this 
group are ruptured peptic ulcers, ruptured 
ectopic pregnacies, and gun shot wounds 
of the abdomen. 

In order to give an idea of the usefulness 
and safety of this type of anesthesia a few 
briefly summarized cases are presented. 


Case 1. Mrs. J. G., aged forty-four years, 
weight 359 pounds, mild hypertension, with 
diagnosis of umbilical hernia, multiple uterine 
fibroids, chronic appendicitis, chronic cho- 
lecystitis and cholelithiasis, was on the operat- 
ing table for two hours. A _ supravaginal 
hysterectomy, bilateral salpingo-oophrectomy, 
appendectomy and hernioplasty were per- 
formed. The patient made an_ uneventful 
recovery, and left the hospital at the end of two 
weeks in good condition. 

Case u. Mrs. W. H., aged sixty-three 
years, hypertensive heart disease with chronic 
nephritis and a surgical diagnosis of intestinal 
obstruction of forty-eight hours’ duration. At 
laparotomy a volvulus of the sigmoid was 
reduced and a sigmoidopexy performed. The 
patient recovered. 

Case. Mrs. R.S., aged sixty-eight years, 
marked progressive distention of the abdomen 
with severe abdominal pain; blood pressure 
250/160. A laparotomy was performed and 
two large malignant papillary cystadenomas 
of both ovaries were removed. The tumors 
weighed twenty pounds. Following operation 
the patient had complete relief from pain 
although not cured of her condition. 

Case tv. Mr. J. S., aged sixty-two years, 
chronic nephritis with mild hypertension and 
a surgical diagnosis of chronic calloused ulcer 
of pylorus with obstruction. A posterior gastro- 
enterostomy was successfully performed. 

CaseEv. Mrs. J. G., aged thirty-nine years, 
weight 315 pounds; surgical diagnosis of 
umbilical hernia and adenoma of right breast. 
A hernioplasty and resection of the right breast 
were performed. The patient had an uneventful 
recovery. 


Case vi. Mrs. D. D., aged thirty-eight 


years; surgical diagnosis of pistol shot wounds 
of the abdomen with perforation of the 
ileum, duodenum and left kidney. A portion 
of the ileum was resected, perforations of the 
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duodenum were repaired and a left nephrec- 
tomy were performed. The patient recovered. 

CASES VII, vlII AND Ix. Mr. W. T., aged 
sixty-seven years, Mr. L. J., aged seventy-two 
years, and Mr. J. B., aged seventy-five years. 
All had strangulated inguinal hernias which 
required resection of the gangrenous loop of 
ileum. All went through the operation with no 
ill effects and had uneventful recoveries. 

Casex. Mrs. F. H., aged forty-eight years, 
myocardial disease with hypertension, marked 
obesity; surgical diagnosis of intestinal ob- 
struction of four days’ duration due to con- 
striction around the pedicle of a large ovarian 
cyst, and a ventral hernia. The obstruction was 
reduced by removal of the ovarian cyst and the 
ventral hernia was repaired. The patient had a 
smooth convalescence. 


Thirty per cent of the cases in this series 
were emergency procedures and patients 
of this type are usually much poorer oper- 
ative risks than are elective cases. In spite 
of the large number of these poor risks 
there was only one death in which there 
was a possibility that the anesthetic was 
responsible. The case was that of an eighty- 
two year old female with a strangulated 
ventral hernia of seven days’ duration. She 
was in very poor condition when placed on 
the operating table but it was felt that the 
only chance the patient had was through 
operative intervention. Twenty minutes 
after the anesthetic had been administered 
the patient expired. Cardiac stimulants 
and artificial respiration were used to no 
avail. Gutierrez in his series of 3000 cases 
reports 2 fatalities. Both were in people 
over sixty years of age, one with mitral 
stenosis and the other with a marked car- 
diac arrhythmia. 


FAILURES 


The. vast majority of cases in which 
epidural injection fails to give complete 
surgical anesthesia are due to faulty tech- 
nique. A secondary cause might be attrib- 
uted to anatomical abnormalities of the 
spinal canal which prevents proper diffusion 
of the anesthetic solution. The use of too 
dilute an anesthetic solution or an insufli- 
cient quantity to block all the nerves 
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supplying the operative field are also causes 
of a resulting incomplete anesthesia. 

I am convinced that faulty technique 
plays the major role because I have been 
able to reduce my number of incomplete 
anesthesias from g per cent in the first 100 
cases to 5 per cent in the last 100 cases. 
Included in these failures are all cases in 
which a supplementary anesthesia, ether, 
ethylene or evipal, had to be used. 


COMPARISON WITH OTHER TYPES OF 
ANESTHESIA 


When epidural anesthesia is compared 
with other types its advantages are readily 
seen. It has all the advantages of spinal 
anesthesia without many of its undesirable 
features. There is no danger of injuring the 
cord as the dura is not punctured; bulbar 
accidents cannot occur because the anes- 
thetic solution cannot reach the medulla; 
spinal anesthesia affects the central nervous 
system whereas epidural anesthesia blocks 
only the nerve roots; since the dura is not 
pierced there is no danger of meningitis or 
encephalitis; blood pressure changes are less 
marked than in spinal; a longer anesthesia 
can be obtained with epidural than with 
spinal; patients are more comfortable and 
vomit less often. 

When compared with general anesthesia 
it is found that epidural anesthesia is less 
toxic and it is possible to use this type of 
block in cases with pulmonary and cardiac 
complications in which general anesthesia is 
definitely contraindicated. A well trained, 
skilled anesthestist is always necessary to 
give a good general anesthetic whereas epi- 
dural anesthesia can be given by the 
surgeon. 

Patients in which epidural anesthesia is 
used are far more comfortable postopera- 
tively than after any other anesthesia. 
There is no nausea or vomiting. Headaches 
and neck pains which one encounters so 
often in spinal anesthesia do not occur. 
Another postoperative finding of no little 
importance is the fact that following epi- 
dural anesthesia the patients are able to 
void voluntarily and very infrequently does 
one have to be catheterized. 
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SUMMARY 


Although I do not feel that epidural anes- 
thesia is the ideal type, I believe it has 
numerous advantages particularly in those 
cases usually considered to be poor opera- 
tive risks. From this series no definite 
conclusions can be drawn, but it is cer- 
tain that epidural anesthesia has not 
received the attention in this country 
which it deserves. It should be made part 
of the armamentarium of every anesthestist 
and general surgeon. 

Although there are dangers in its ad- 
ministration, care coupled with the nega- 
tive pressure technique all but obviates 
them. 

The fact that one must wait fifteen to 
twenty minutes after injection for the 
anesthesia to become effective makes it 
probable that epidural anesthesia will not 
be widely used in busy hospital services. 
However, the advantages of epidural anes- 
thesia more than compensate for this 
period of waiting. 
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INTRAVENOUS ANESTHESIA 
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ROCHESTER, MINNESOTA 


N a recent article Magill, celebrated 
anesthetist of London, made the state- 
ment that “the barbiturates are the 

only agents which can be regarded as of 
practical value for intravenous use at 
the present time.”** The intravenous 
method of administering an anesthetic 
agent has a very strong appeal to the 
experienced anesthetist, especially if he 
has had considerable experience in the 
administration of drugs, and especially 
in the intravenous administration of anes- 
thetics. When skillfully used, the method 
has advantages which make it the method 
of choice in many instances. 

The progressive development of the 
intravenous method has been no more 
rapid than has the introduction of better 
and better drugs for this purpose. Chloral 
hydrate was used intravenously as an 
anesthetic in 1872 by Ore,*! of Lyons, 
France. This is the first record of general 
anesthesia produced by the intravenous 
injection of an anesthetic drug. Hedonal 
was first produced by Dreser, of Munich, 
in 1899. Hedonal was used intravenously 
as a general anesthetic by Krawkow, of 
Petrograd, in doing experimental work 
between 1905 and 1908, and in 1908 he 
introduced hedonal-chloroform narcosis.” 
Ether and chloroform were used by Burk- 
hardt. He first used chloroform in 1909 but 
soon discontinued that and began the use 
of a 5 per cent solution of ether in physi- 
ologic saline solution and reported very 
satisfactory results. The use of paraldehyde 
was reported in 1913 by Noel and Souttar,® 
who used 5 to 15 c.c. of paraldehyde mixed 
with an equal quantity of ether, dissolved 
in 150 c.c. of 1 per cent solution of sodium 
chloride. Graef** in 1913 reported 151 cases 
in which ether anesthesia was induced 
intravenously and 359 cases in which 


anesthesia was induced with a 1.5 per cent 
solution of trichlorisopropyl alcohol (iso- 
pral) and maintained with a 5 per cent 
solution of ether in normal physiologic 
saline solution. Both drugs were adminis- 
tered intravenously. Magnesium sulphate 
was used by Peck and Meltzer*? in 1916, 
and they described 3 cases in which the 
drug had been used intravenously to pro- 
duce anesthesia. Marin,” of Mexico City, 
in 1929, reported the use of 96 per cent 
ethyl alcohol in a 25 per cent solution of 
dextrose intravenously as an anesthetic. 
In 1929 Constantin reported two success- 
ful administrations of ethyl alcohol intra- 
venously® and 40 cases’ in 1930. Somnifene, 
a mixture of diethyl barbituric acid and 
allylisopropyl barbituric acid, was used 
intravenously by Fredet and Perlis? for 
general surgical anesthesia in 1924. Cleisz’ 
reported on the successful administration 
of somnifene in obstetric cases the same 
year. The use of ipral was reported in 1925 
by Jackson and Lurie.” In 1927 Bumm® 
described general surgical anesthesia pro- 
duced by the intravenous injection of 
pernocton. Bosse* and others reported 
several hundred cases in which it was used 
successfully. Petit and Perlis** reported 
the intravenous administration of allonal 
to dogs in 1926 and Keller, in 1927, 
reported 70 cases in which allonal was 
administered intravenously to produce 
anesthesia. Kirschner,’ in 1929, reported 
the intravenous use of a 3 per cent solution 
of avertin in 140 cases. 

In 1929, Zerfas and others*® reported on 
the induction of anesthesia in man by the 
intravenous injection of sodium amytal. 
In 1929, I?! reported 273 intravenous 
administrations of the drug for surgical 
anesthesia, with untoward results confined 
largely to the postoperative period. Sodium 
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amytal is now used for the control of vari- 
ous conditions and especially as an anti- 
spasmodic but it is not recommended for 
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methyl barbituric acid). In 1936 Thal- 
heimer*® reported the use of 1-methyl-5, 
5-allyl-isopropyl-barbituric acid (narco- 


Fic. 1. Chemical structures of (1) sodium amytal, (2) pentobarbital sodium (nembutal), (3) evipal 
soluble, and (4) pentothal sodium. Sodium amytal and pentobarbital sodium are similar in chemical 


structure and they have a similar effect. Evipal soluble and pentothal sodium, although differing 
somewhat in chemical structure, have a similar effect. The one difference between the latter two 
and the first two substances is the utilization of bonds on the urea side of the barbituric acid nucleus 
as well as on the malonic acid side for substituent radicals in the formulas for evipal soluble and 
pentothal sodium, while in the formulas for sodium amytal and pentobarbital sodium the bonds on 
the malonic acid side only ‘have been utilized. (Hutton and Tovell. Surg., Gynec. and Obst., accepted 


for publication.) 


surgical anesthesia. Sodium embutal (pen- 
tobarbital sodium, nembutal) I found to 
be better than sodium amytal for surgical 
anesthesia and in 1930 |** reported on 52 
cases in which it was administered intra- 
venously. Although its action is shorter 
than that of sodium amytal, its effect is 
still too prolonged to warrant its continu- 
ous use as a surgical anesthetic. Evipal 
soluble, introduced in 1932 by Weese and 
Scharpff,** was by far the best agent for 
intravenous anesthesia that had yet been 
introduced, and since that time a volumi- 
nous literature has been developed. In 
1934 I used clinically pentothal sodium 
(thionembutal) and reported on it later 
in some detail.27~” In 1935 Déring,” of 
Berlin, reported 600 cases in which general 
anesthesia had been induced since 1933 by 
intravenously administering eunarcon (the 
sodium salt of isopropyl-B-bromallyl-N- 


numal) in 500 cases with fair results. 

Each time a known anesthetic agent was 
introduced it seemed that the best one 
possibly had been discovered; however, 
most of these agents have been discarded 
later because of untoward results in the 
hands of experienced anesthetists. How- 
ever, evipal soluble and pentothal sodium 
are so definitely superior to the drugs 
previously used that intravenous anes- 
thesia has been definitely established on a 
basis that seems firm enough so that I 
look for a rather continued use of the 
method.?*.*435 have previously com- 
mented on the use of these two drugs and 
the literature is abundantly supplied with 
articles on evipal soluble. Therefore, it 
seems to me that my remarks should be 
confined largely to the less known agent, 
pentothal sodium, although the results 
obtained with the two agents are similar. 
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Pentothal sodium is definitely more potent 
than is evipal soluble and for that reason 
is more satisfactory when one must anes- 
thetize a resistant individual. With both 
agents induction of anesthesia is quick, 
maintenance of anesthesia appears to be 
similar, and recovery is rapid. 

Barbiturates which are injected intra- 
venously may be divided into three classes 
according to the different effects that they 
produce, that is, a prolonged, sustained, or 
transient effect. Sodium amytal produces a 
prolonged effect, pentobarbital sodium 
(nembutal) produces a sustained effect, 
and pentothal sodium and evipal soluble 
produce a transient effect (Fig. 1). 


ADMINISTRATION 


It is important to stress the fact that the 
original technique that was advised in the 
use of evipal soluble was to inject a 
quantity of solution sufficient to produce 
anesthesia, then to inject a similar amount 
because it was assumed that the patient 
could safely tolerate at one time twice the 
amount of the drug necessary to produce 
anesthesia, and finally to withdraw the 
needle. It is only because of the inherent 
virtue of the drug itself that it was able 
to survive this abuse. It seemed to me, 
because of the evanescent effect of the 
anesthetic, that it would be well to ad- 
minister the drug intermittently. This 
technique is the one I have used and I 
think it is preferable. 

In the early use of these drugs they were 
administered in solutions of 10 per cent 
concentration. Occasionally, the patient 
complained of soreness at the site of injec- 
tion, especially if some of the drug had been 
injected extravenously. There occasionally 
was clotting of blood in the needle, but 
recently I have been using pentothal 
sodium in § per cent concentration and 
have avoided these - conditions, in all 
except one case where a vein was used 
on the back of the hand. Microscopically, 
the erythrocytes are apparently unharmed 
after blood has remained in a syringe for 
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VENIPUNCTURE 


STEP | ------ 


SKIN WHEAL RAISED 
OVER VEIN 


TOP 
VIEW 
SKIN WHEAL MOVED 
STEP \ LATERALLY 
LATERAL NV 
VIEW 
SS BEVEL UP 
ZZ, 
DILATED? 
STEP Ill 


Fic. 2. Venlpuncture: Step 1. In very sensitive individuals 


a wheal is raised with a 0.5 per cent solution of procaine 
in the skin overlying the vein. For the majority of adults 
this step is unnecessary. Step 2. The next procedure is to 
thrust the needle through the skin, not attempting to 
enter the vein with the one motion, but rather to move 
the skin which overlies} the vein laterally. Then move the 
skin back so that the needle lies against the side of the 
vein. Step 3. Move the skin into position so that the needle 
overlies the vein. With the constrictor in place the vein is 
dilated. If the vein is large the point of the needle lies 
entirely within the lumen even when the vein is not dilated. 
On the other hand, when the vein is very small, the point 
of the needle will not lie free in the lumen of the vein when 
the vein is not dilated, unless the bevel of the needle is held 
as shown. 

It is important to use mild negative pressure in the 
syringe as soon as the point of the needle has been thrust 
into the skin. Also a counter-pull must be used on the vein 
with the hand that does not hold the syringe. By a right- 
handed person, the syringe is held by the right hand and 
the needle inserted through the skin. The right fingers 
grasp the plunger and the tip of the right thumb is placed 
against the edge of the barrel in order to produce the nega- 
tive pressure. The fingers of the left hand are pressed 
against the skin overlying the vein at a point far enough 
from the spot where the needle enters the skin so that the 
left hand in no way interferes with bringing the needle and 
syringe flush with the patient’s skin. Unless this counter- 
pull with the left hand is employed, venipuncture may 
become very difficult, especially in veins around the wrist 
and in the hand, because they are movable and must be 
fixed if they are to be easily entered by the needle. This 
counter-pull must be exactly opposite to the direction of the 
insertion of the needle. 


562 American Journal of Surgery 
a period of hours with either a 5 or 10 per 
cent solution of pentothal sodium. 

The skin is surgically prepared and veni- 
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arm. Various types of drapes may be used. 
Towels are usually employed, although a 
thick drape with a perforation about 2 


Fic. 3. A fluffy piece of cotton is fastened to the upper lip by a narrow piece of adhesive tape. This will 
indicate, by its motion, that the air passage is patent and is functioning. Patency of the airway must be 
maintained by sustaining the lower jaw. The barbiturate should be injected intravenously slowly enough 
so that the motion of the cotton does not stop. This is more easily accomplished if a respiratory stimulant 
is administered with the barbiturate. (Lundy. Engineering Chem. Jour., 28: 1031-1034 [Sept.] 1936.) 


puncture is carried out at a place which 
permits the anesthetist to be away from 
the operative field and in a position to 
observe the patient’s respiration. In every 
method of anesthesia, there is a part of the 
technique which may be difficult in certain 
cases. Obviously, with intravenous anes- 
thesia venipuncture is essential and in 
those cases in which patients have veins 
that are not suitable, the method may be 
contraindicated. Because of the difficulty 
that might be encountered in inserting the 
needle into the vein, the technique of veni- 
puncture must be mastered by the anes- 
thetist in order to reduce the number of 
times that he otherwise would be unable 
to use the method. The technique of 
venipuncture applies not only to intra- 
venous anesthesia but also to intravenous 
medication and blood transfusion (Fig. 2). 

A dorsal metacarpal vein in the back 
of the hand is often convenient to use 
although venipuncture may be easier at 
the elbow, using the median basilic vein 
or the median cephalic vein. When a vein 
at the elbow is to be used, an arm board 
may be used with a strip of adhesive tape 
over the patient’s wrist and around the 
board to keep the patient from bending his 


inches in diameter is useful. Occasionally, 
it may be desirable to use a vein in the 
ankle. In such instances, the one injecting 
the solution must be kept informed by the 
individual sustaining the patient’s jaw if 
respiration becomes too greatly depressed 
at any time. The anesthetist, when ad- 
ministering an Intravenous anesthetic in a 
vein of the ankle, has difficulty in watching 
the motion of the cotton butterfly overly- 
ing the patient’s nostrils as the patient’s 
head is out of sight, when a mirror is not 
available. The anesthetist may snap his 
fingers once to let the attendant at the 
head of the table know that he wants to be 
sure the patient is breathing properly. 
The attendant then holds a hand above the 
drapes and bends a finger to simulate the 
motion of the cotton both as to rate and 
degree. When a vein in the ankle is being 
used, it is important to know whether or 
not varicose veins are present. If they are, 
care must be exercised to massage the vein 
frequently from the ankle toward the knee 
to speed the passage of the drug into the 
general circulation; otherwise, an overdose 
may be suddenly administered. 

When surgical anesthesia is produced, 
respiration is considerably depressed, and 


votton 


New Series Vor. XXXIV, No. 3 


in an attempt to minimize this depression 
various respiratory stimulants have been 
incorporated in small amounts in the 
anesthetic solution in 1395 of the cases 
included in Table 1. One of the stimulants 
is coramine which is a 25 per cent solution 
of pyridine betacarbonic acid diethylamide. 
One cubic centimeter of coramine, con- 
taining 250 mg. of pyridine betacarbonic 
acid diethylamide, is added to each gram 
of pentothal sodium. A respiratory stimu- 


TABLE 1 
INTRAVENOUS ANESTHESIA WITH PENTOTHAL SODIUM* 
(June 18, 1934 to November 1, 1936) 


1936 1935/1034 


Operations on brain, spinal cord and | 
Operations on head and neck (other 
2 


Dental extractions. | 32 
Transurethral and cystoscopic | oper- | | 
ations and manipulations. . 644) 458) 25 
Orthopedic operations. . 44 1 
Operations on thorax, thoracic wall, 
breast and axilla. . 247\ 158) 1 
Digestive system operations 12) 9 oO 
Operations on the large bowel.........| 85} 40) 7 
Intra-abdominal operations........... 6| 8 o 
Operations on abdominal wall and for | 
Gynecologic operations............... 469\ 147, 4 
OR GRUB... 57; 10) 1 


| 


* Distribution of cases in which pentothal sodium 
was used either to induce anesthesia or maintain it, 
according to the type of operation that was done. 


lant is used particularly in those cases in 
which preliminary medication has been 
administered. Preliminary medication usu- 
ally consists of the administration of 1.5 
grain (0.097 gm.) of pentobarbital sodium 
(nembutal) by mouth and the administra- 
tion of 1¢ +" (0.01 gm.) of morphine 
sulphate and 459 grain (0.0004 gm.) of 
atropine hypodermically one hour before 
operation. In order to know that the airway 
is free I have fashioned a piece of cotton 
as illustrated in Figure 3. The absence of 
motion of the cotton indicates that respira- 


Lundy—Intravenous Anesthesia 


American Journal of Surgery 563 
tion has been depressed to an undesirable 
degree or that the airway is not free. I 
attempt to administer the anesthetic slowly 
enough so that the motion of the cotton is 
not stopped. I feel that when this is accom- 
plished carefully the use of the drug in 
properly selected cases is relatively safe. 
When the anesthetist has no assistant 
available to sustain the patient’s jaw, vari- 
ous devices have been suggested to permit 
intermittent administration of the drug 
and yet leave the anesthetist’s hands 
relatively free most of the time for duties 
other than the actual injection.'*:” I have 
not found such devices necessary as I 
prefer to have experienced individuals in 
charge of the syringe as well as to sustain 
the jaw. My method of preparing the 
solution is first to aspirate the respiratory 
stimulant into a 20 c.c. syringe, then to 
aspirate about 10 c.c. of sterile distilled 
water into the syringe, and to discharge 
this mixture into the ampoule containing 
1 gm. of pentothal sodium. In a few mo- 
ments the drug is dissolved and this 
mixture is then aspirated into the syringe, 
following which an additional amount of 
sterile distilled water, sufficient to bring 
the contents of the syringe to 19.5 c.c., Is 
aspirated, using a long, large bore needle 
to facilitate reaching to the bottom of the 
large ampoules. The large needle is then 
replaced with a 20 gauge, short bevel, 114 
inch needle. This small needle is capped 
with the empty sterile ampoule which 
contained the respiratory stimulant, in 
order to protect the needle when it is 
carried from place to place before the 
injection is made and also to indicate the 
kind of respiratory stimulant in the solu- 
tion so that it is easily recognized by who- 
ever administers the drug. I prefer to use 
a glass syringe with an eccentric tip. The 
golden color of the solution, which is 
easily seen, is attributable to the sulphur 
in the pentothal sodium (Fig. 1) and it is 
an aid in recognizing the content of the 
syringe. There is also a definite and charac- 
teristic odor to the solution. Occasionally, 
a patient will mention an unusual taste in 
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his mouth during the first part of the before the incision is to be made. It is 


induction period. desirable to have the bladder and rectum 
Because of the short period of induction empty and it is important that the stomach 
& toS cc. 
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Vulnerability curves for 5 per cent solution 
of pentothal sodium 


Fic. 4. The intravenous dose of pentothal sodium for a man, aged forty-five years, weighing 160 pounds 
(72.6 kg.); height 6 feet (182.9 cm.); preliminary medication consisted of 1¢ grain (0.01 gm.) of morphine 
and 450 grain (0.0004 gm.) of atropine by hypodermic injection and 1.5 grain (0.097 gm.) of pentobarbital 
sodium orally. 

Effect produced by the administration of pentothal sodium by different techniques. To avoid the necessity 
of drawing two curves in each diagram it is assumed that anesthesia deepens as respiration becomes more 
shallow and that this relationship between the two is exact. The relationship may not be exact but for 
diagrammatic purposes the assumption will serve. The top diagram gives the effect on depth of respiration 
and of anesthesia produced by repeated safe doses. After the first dose, respiration becomes more shallow and 
anesthesia deeper for a time; then, as the patient begins to recover, respiration deepens and anesthesia 
lightens until the patient reaches a stage of inebriation which will last for a fourth to half hour. If the opera- 
tion has been completed in the relatively short period of anesthesia conferred by the first dose, no more 
of the drug need be administered and after the stage of inebriation has passed, recovery is complete. How- 
ever, if a longer period of anesthesia is required to permit the operation to proceed, a second dose is adminis- 
tered and so on, with the effects on respiration, anesthesia and duration of inebriation that are represented 
in the curve.\When similar successive safe doses are administered, the last one often has a longer effect 
than the previous ones. The dosage varies with individuals according to their resistance to the drug. One 
may require 2 c.c. of solution for each 1 c.c. as indicated in the top curve, at leas. for the first two or three 
injections. 

The diagrams marked v-curve, u-curve, and L-curve show the relative effect of the safe dose and of the 
overdose. The v-curve illustrates the safe dose for the short operation, for example, manipulation of a stiff 
wrist joint. The u-curve illustrates the nonfatal result of a moderate overdose; respiration is practically 
completely depressed for a short time and the recovery is prompt if no more of the drug is injected. It shows 
that the period of anesthesia is longer than it is when a small dose is injected and this period of anesthesia 
is coincidental with respiratory depression. The overdose, that is, one large enough to be fatal, is illustrated 
in the t-curve and needs no further explanation. Certain modifications of this technique might be carried 
out and the L-curve could be broken down into two u-curves the second of which might possibly illustrate 
a fatal result, based on the results obtained in the top curve or if complicated by any respiratory obstruction. 


of anesthesia with pentothal sodium, injec- is empty. If any stomach contents are 
tion of the drug is not begun until just regurgitated into the throat, laryngeal 
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spasm may develop, and if it does, diffi- 
culty will arise in ventilating the patient. 
Although it is easily possible to shorten 
the period of induction to ten seconds, it 
is safer in most cases to take at least thirty 
seconds to induce anesthesia. Within that 
period of time the anesthetist will have 
discovered the probable tolerance or re- 
sistance of the patient to the drug. From 
2 to 5 c.c. of a 5 per cent solution of pento- 
thal sodium is usually sufficient for induc- 
tion of anesthesia (Fig. 4). Occasionally, 
as much as 0.5 gm. is required. I usually 
precede the injection by aspirating 0.5 c.c. 
of blood into the syringe to test the suffi- 
ciency of the venipuncture. I then inject 
1 c.c. of solution to prove that the vein 
has been properly entered and to see that 
an extravenous injection will not occur. 
Occasionally, this small dose has been 
almost enough to produce mild surgical 
anesthesia in an aged, infirm, small person. 
After a period of a half minute or a little 
less elapses following the injection of 
1 c.c. of solution, I feel that I have some 
information concerning the probable effect 
of small quantities of the drug on the 
patient. The patient is asked to count as 
soon as one has finished the injection of 
the first dose of 2 or 3 c.c. Most patients 
count at least to ten. If there is no appar- 
ent effect at the count of fifteen, 1 c.c. of 
solution is injected and if the effect is 
still mild, another cubic centimeter is 
injected on the count of twenty, and so on, 
injecting another cubic centimeter on the 
count of twenty-five and perhaps another 
on the count of thirty. When counting 
ceases and the patient is well asleep, the 
surgeon should test the skin with a sharp 
instrument before the actual incision is 
made. If the patient responds to the 


stimulation of the incision by moving or 
phonating, one or two additional cubic 
centimeters of the solution of pentothal 
sodium should be injected. Once anes- 
thesia has become established and the 
incision has been made, it is not difficult 
to maintain anesthesia by injecting 1 or 
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2 c.c. of the solution whenever the patient 
phonates or moves. 

In deep anesthesia, respirations are 
shallow and when anesthesia is _ light, 
respirations are deep. One can be guided 
by the depth of respiration as to the rate 
of injection of the solution if it is advisable 
to vary the depth of anesthesia but little 
during the operation. When the syringe 
has been emptied and more pentothal 
sodium is required, I disconnect the syringe 
from the needle without removing the 
needle from the vein and attach another 
syringe containing an additional amount 
of solution and continue to maintain 
anesthesia. If the patient becomes cyano- 
tic, no time should be lost in administering 
oxygen or oxygen and carbon dioxide in 
order to be sure of avoiding serious unto- 
ward results. When the operation is com- 
pleted and the needle is withdrawn from 
the vein, I do not apply a dressing but 
simply apply mild pressure with an alcohol 
sponge to the site of venipuncture until 
hemostasis occurs. The largest doses that 
we have used at the clinic have been in 
operations on the brain. In one case a dose 
of 33 grains (2.2. gm.) was used and in 
another, 35 grains (2.3 gm.). The operation 
in each case lasted about three and a half 
hours. 

The pharyngeal reflex is not greatly 
diminished during anesthesia with pento- 
thal sodium, and if one wishes to use the 
drug for operations on the throat or for 
instrumentation, such as_ bronchoscopy, 
the throat should be anesthetized with a 
local anesthetic agent, just as if a general 
anesthetic agent were not to be used. 
When this has been done, one often finds 
pentothal sodium to be a suitable general 
anesthetic to supplement the effect of the 
local anesthetic. Because a collection of 
mucus or secretions in the throat would 
interfere with respiration, the administra- 
tion of atropine with the preliminary 
medication is important in many cases. | 
have noticed that the urine of an ambula- 
tory patient is highly colored following the 
intravenous administration of pentothal 
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sodium and it has an odor somewhat like 
the original solution of pentothal sodium. 

If pentothal sodium is to be adminis- 
tered to ambulatory patients, the patient 
should be made to lie down for a sufficient 
period of time until he can walk without 
staggering. He should be accompanied to 
his home by some responsible person and 
should be treated as though he were 
mildly intoxicated with alcohol. 

There are patients who display certain 
undesirable reactions to the anesthetic, 
such as tremor, sneezing, coughing, and 
hiccuping. In almost all instances these 
undesirable results occur in the induction 
period rather than in the period of mainte- 
nance. For example, sneezing, coughing, or 
hiccuping seldom has occurred after the 
administration of the first 0.5 gm. of the 
drug. However, if these symptoms persist 
beyond this point, it is probable that the 
patient is unsuitable for this anesthetic. 
In the choice of any anesthetic agent one 
must modify that choice according to the 
patient’s tolerance for the agent chosen, 
and if the patient does not tolerate the 
agent well, it is wise to change to another 
agent or method. A respiratory stimulant 
may not be necessary in all cases, but as 
yet I have seen only a few patients who 
did not respond well to the combination. 
Picrotoxin has also been used. I add 3 mg. 
of the drug to each gram of pentothal 
sodium. It has seemed to be almost as 
satisfactory as has coramine. In a few cases 
in which 2 c.c. of metrazol was added to 
1 gm. of pentothal sodium, the results were 
not as satisfactory as were those obtained 
with the other two stimulants. 


INDICATIONS AND CONTRAINDICATIONS 


The types of cases in which pentothal 
sodium has been used are indicated in 
Table 1. Most of the cases included in opera- 
tions on the spinal cord are those in which 
lumbar puncture was to be done and the 
patient was resistant. When pentothal 
sodium was used to permit spinal puncture 
for diagnosis, the spinal fluid contained a 
certain amount of the drug or its decom- 
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position products; examination of the 
spinal fluid, therefore, may yield interesting 
information. Chemical examination of the 
spinal fluid reveals that some of the pento- 
thal sodium enters the spinal fluid in a few 
minutes after its intravenous administra- 
tion. Operations on the eye included a 
variety of operations, particularly enuclea- 
tion of the eye. Operations on the head 
and neck were mostly plastic operations 
and operations in which fireproof condi- 
tions were essential because of the use of 
the diathermy apparatus. 

Anesthesia in cases in which individuals 
are resistant may be induced with pento- 
thal sodium and supplemented with nitrous 
oxide and oxygen administered intra- 
tracheally, with entirely fireproof condi- 
tions. There is good control of the patient 
and he has the usual period of postoperative 
sleep. Dental extraction has been done 
under pentothal sodium anesthesia in a 
few cases in which patients demanded the 
anesthetic. In a few instances the intra- 
venous method seemed to be indicated 
from a history of previous unsatisfactory 
results with both local and general anes- 
thetic agents. The intravenous method is 
very popular for certain urologic cases* 
and it has almost entirely supplanted 
the use of gas in such cases. The two 
methods most frequently employed in 
these cases are either intravenous or 
spinal anesthesia. For short operations, such 
as manipulation of a stiff joint, changing 
of a cast on sensitive persons, and removal 
of packs and drains, this method is 
particularly useful. 

The intravenous use of pentothal sodium 
seemed to be particularly valuable in 
certain operations on the thorax, although 
I advise against the use of the agent for 
individuals who have pulmonary disease 
with dyspnea. Contrary to our expectation 
at the clinic, the results have been rather 
satisfactory, no doubt because of the fact 
that profound anesthesia with the associ- 
ated respiratory depression is not necessary 
for operations on the thorax. Intravenous 
anesthesia is also very satisfactory for 
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operations on the breast, particularly 
biopsy. Under local anesthesia most people 
are psychologically upset if biopsy proves 
that the lesion in the breast is malignant, 
and it may be difficult to induce general 
anesthesia by inhalation for radical ampu- 
tation of the breast because of the excite- 
ment of the patient. In such cases the 
patient is usually spared this disagreeable 
experience if anesthesia is induced with 
pentothal sodium and maintained with a 
general inhalation anesthetic, if necessary. 
Anesthesia may be established in the same 
manner for operations on the axilla. 

In some instances, usually in cases in 
which an appendectomy is to be performed, 
one may prefer to avoid the use of spinal 
anesthesia and to use the intravenous 
method. This is especially true in cases 
in which the patients are children who 
may have complicating medical conditions 
such as diabetes or pulmonary tuberculosis. 
Indications for use of the intravenous 
method in intra-abdominal operations are 
not as clear cut as they might be, except in 
cases in which cautery is to be used on the 
stump of the appendix. Operations on the 
abdominal wall often may be performed 
satisfactorily under intravenous anesthesia. 

Gynecologic operations for which the 
drug was used were principally dilatation 
and curettage and examination under anes- 
thesia. This method of anesthesia seems 
to be becoming increasingly popular for 
these procedures. Removal of painful packs 
and examination of the anus postopera- 
tively constituted most of the conditions 
for which pentothal sodium was used in 
anal operations. The following case sug- 
gests another indication for use of the drug. 


A woman, age thirty-three years, who was 
suffering from asthma following the ingestion 
of aspirin for which she had an idiosyncrasy 
and on whom a hemorrhoidectomy had been 
performed, was to have a pack removed. 
Pentothal sodium was administered intra- 


venously and in a few moments breathing 
became less noisy than it had been. In a few 
more minutes it was free and relatively noise- 
less and the patient woke up without any 
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asthmatic dyspnea. Whether or not other 
asthmatic patients will find some relief from 
this agent remains to be seen. This patient 
had received 65 c.c. of a 1 per cent solution of 
metycaine two days previously to produce 
sacral block for hemorrhoidectomy and there 
were no signs of an untoward reaction. Her 
preoperative medication consisted of 1¢ grain 
(0.01 gm.) of morphine sulphate hypodermically 
and 1.5 grain (0.097 gm.) of pentobarbital 
sodium (nembutal) by mouth. 


Originally, the short acting barbiturates 
or those of transient effect were advocated 
only for short operations. More recently, 
the technique of intermittent administra- 
tion has permitted their use in longer 
operations. Obviously, the patient to whom 
a large dose is given has a longer period of 
postoperative sleep than the one to whom 
a smaller dose has been administered. Un- 
toward results have been few and they 
have occurred only when the technique 
here recommended was not followed. In 
some instances the postoperative period 
of sleep seemed to be beneficial. A few 
patients have been nauseated postopera- 
tively and some have not enjoyed the 
feeling of inebriation that is experienced 
following the use of these agents. 

I feel that there are definite contraindica- 
tions to the use of the drug. In general, it 
should not be administered to a patient 
suffering from dyspnea attributable to 
respiratory changes or in cases in which 
dyspnea may develop during or after 
operation. This is especially true if there 
is any reason to think that the respiratory 
passage is, or may become, obstructed. 


USES OF PENTOTHAL SODIUM 


In some instances when pentothal so- 
dium is administered intravenously the 
patient may be able to answer questions 
during operations with apparent honesty 
and yet have no memory of having talked. 
This seems to indicate that the drug might 
be useful in the interrogation of certain 
individuals in medicolegal practice. ‘Two 
men to whom the drug was given in the 
Scientific Crime Detection Laboratory of 
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Northwestern University School of Law, 
with the cooperation of Leonarde Keeler, 
were able to answer questions either 
truthfully or untruthfully as they wished, 
even though they afterward had no recol- 
lection of what they had said or even what 
questions had been asked them. It is 
probable that pentothal sodium might find 
useful application in this connection, and 
its usefulness as a substitute for twilight 
sleep should be considered. As far as | 
know, the drug has not yet been used in 
obstetric practice and has not been used 
often as an analgesic. 

When pentothal sodium is used as a 
prognostic agent,” a respiratory stimulant 
is not added to the anesthetic solution nor 
is preliminary medication administered. 
The results of this use of pentothal sodium 
have shown that it is capable of raising the 
temperature of the extremities to their 
maximal point. In cases of essential hyper- 
tension, the lowest point to which the blood 
pressure falls during the injection of a dose 
of the drug sufficient to raise the tempera- 
ture of the extremities to its maximum 
coincides fairly well with the level of blood 
pressure following neurosurgical treatment 
in most cases. 

For the average adult, 15 c.c. of a 5 per 
cent solution of pentothal sodium is in- 
jected in about fifteen minutes. Occa- 
sionally, the patient may require a little 
less or a little more of the drug. To deter- 
mine the temperature of the skin during 
anesthesia one lead of an electric thermo- 
couple is placed on the skin of each of two 
or three toes on each foot. The value for 
the blood pressure and the temperature 
of the skin are determined about every 
two minutes during anesthesia. Usually 
within fifteen minutes the temperatures of 
the skin of the toes have reached a maxi- 
mum, but if the temperature still increases, 
the injection should be continued until 
there is no further increase. The “ preopera- 
tive prediction values,” then, are con- 
sidered as the lowest values for the systolic 
and the diastolic pressures determined 
during the study. In vasospastic disease 
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the affected extremity responds less than 
the unaffected extremity or extremities 
with elevation of temperature. It is prob- 
able that the rise of temperature is in 
reverse proportion to the pathologic 
changes present. The operation performed 
on those patients to whom it is recom- 
mended following the test is two-stage 
bilateral resection of the splanchnic nerves, 
first and second lumbar ganglions and 
connecting rami, and partial resection of 
the celiac ganglions and suprarenal glands 
through a modified kidney incision.! 

A man, aged forty-three years, whose 
weight was 161 pounds, and whose systolic 
and diastolic blood pressures were 230 
and 130 respectively received 1 gm. of 
pentothal sodium in fourteen minutes as a 
test for hypertension. He did not become 
unconscious at any time during the injec- 
tion and the blood pressure was not af- 
fected by the drug. Five minutes after 
completion of administration of the drug 
the patient was wide awake. The cold 
pressor test has been applied in several 
cases following injection of a dose of pen- 
tothal sodium. In one case in which the 
values for the blood pressure had been 
lowered from 245 mm. of mercury for the 
systolic and 145 mm. of mercury for the 
diastolic to 155 mm. of mercury for the sys- 
tolic and 130 mm. of mercury for the 
diastolic, the values returned immediately 
to their previous levels. The patient awoke 
from the effect of the anesthetic sufficiently 
within this short period of time to carry 
on a conversation. 

Although one may expect the blood pres- 
sure to fall when pentothal sodium is ad- 
ministered intravenously, in a few surgical 
cases I have seen it rise so that there was 
a definitely undesirable effect. In one 
instance the operation involved the brain 
and under those circumstances this action 
was particularly undesirable. I recall 
similar situation that occurred several 
years ago in connection with intravenous 
anesthesia with sodium amytal. The blood 
pressure rose and remained so high that 
It was necessary to discontinue the opera- 
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tion. There is some uncertainty in my 
mind as to the significance of the various 
factors involved. Recently, in an operation 
on the brain, anesthesia was induced with 
ether. The blood pressure rose to an alarm- 
ing level and remained high for a time 
while the surgeon delayed operation to 
make certain that it would be safe to 
proceed. At his suggestion pentothal so- 
dium was administered and the adminis- 
tration of ether was discontinued. In a few 
moments the patient’s blood pressure 
began to fall and in a short time it was at 
a relatively normal level. The operative 
procedures were instituted and after the 
1 gm. of pentothal sodium had been ad- 
ministered, ether anesthesia was resumed 
without further untoward results. 

The values for blood sugar and blood 
urea were determined in a representative 
group of cases by Betlach and Tovell.® 
They found that the concentration of blood 
sugar is raised appreciably by pentothal 
sodium, as it is by other derivatives of 
bardituric acid. However, the difficulty of 
controlling the metabolism of carbohydrate 
in cases of diabetes in which the drug has 
been administered has not been increased 
materially. The variation in the concen- 
tration of blood urea before and after 
anesthesia was negligible. 

In emergency, an immediately available 
solution of pentothal sodium might be life- 
saving.* Because pentothal sodium injected 
intravenously would be the treatment for 
ether convulsions it probably ought to be 
readily available at all times in the operat- 
ing room where general anesthetics are 
being administered. 


COMMENT 


Although evipal soluble and pentothal 
sodium seem to be the best agents available 
for intravenous anesthesia, it is probable 
that other agents will be developed which 


* I have been able to demonstrate the value of having 
a solution of pentothal sodium immediately available in 
the syringe in the case of a woman who had taken a dose 
of cocaine between 0.5 to 1 gm. and convulsions had 
begun. The pentothal sodium was administered imme- 
diately by vein and the convulsions stopped. 
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may be better. As yet it is undesirable for 
the inexperienced person to use these drugs, 
for it is as true of these agents as it is of 
other anesthetic agents, that the results 
obtained depend largely on the skill and 
caution with which the agent is adminis- 
tered and on a good understanding of its 
applicability. 
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VIPAL soluble, the sodium salt of 
n- -methyl-cyclohexenyl- methyl mal- 
onyl urea, is one of the newer 
barbiturates characterized by a powerful 
hypnotic and anesthetic index associated 
with a remarkably rapid rate of destruction 
in the system when administered parenter- 
ally. This latter characteristic accounts for 
its rather low toxicity as compared with 
other short acting barbiturates like nem- 
butal, pernocton and phanodorn. 

With respect to its therapeutic index 
Killian! reported a toxic-narcotic ratio of 
100:24-27 in rabbits; Weese? a_ toxic- 
narcotic ratio of 100:25 in cats and 100:30 
in dogs; Kennedy’ a toxic-anesthetic ratio 
of 100:25-32 intraperitoneally in mice 
and rats; Maloney and Hertz‘ a toxic- 
anesthetic-hypnotic ratio of 100:36:18 
in rats and approximately 100:24:20 in 
rabbits, both intraperitoneally; Gwathmey® 
a toxic-anesthetic ratio of 100:33, intra- 
peritoneally, in dogs, and Storm® a toxic- 
narcotic ratio of 100:15, intraperitoneally, 
in monkeys. 

With respect to its destruction Killian? 
has found that the rabbit detoxifies twice 
the minimal narcotic dose in thirteen 
minutes, while Halberkann’ has indicated 
that evipal, in contradistinction to other 
barbiturates, is almost wholly destroyed 
(97 per cent) in the organism. He was able 
to recover only 2.8 per cent (average) in the 
urine of dogs. In the rapidity with which it 
is disposed by the body evipal bears close 
resemblance to the gaseous anesthetics, 
state Coryllos and Bass.’ In the speed of its 
dynamic effects it surpasses them. 

Here is an anesthetic agent exhibiting 
a remarkable pharmacodynamic activity 


which is so quickly detoxified by the 
defense mechanisms of the body that, with 
due care as to the rate of injection, several 
doses far in excess of the safety expectancy 
of a single injection may be successfully 
employed. In a previous report on this 
study Maloney and Hertz‘ recorded this 
pertinent observation: 


The hazard of toxicity is inherent not in 
the drug per se but rather in its absorption 
constant in the system in any unit of time. The 
detoxifying mechanism can cope adequately 
with a vast quantity of the compound spread 
over a relatively long period of time whereas it 
may easily be overwhelmed by a mere fraction 
of that same amount if absorbed in a moment. 

. Safety and therapeutic efficiency are con- 
sequently functions of rate and degree of 
absorption. 


Having had considerable laboratory ex- 
perience with picrotoxin administered be- 
fore, combined with, and following the 
administration of lethal doses of other 
barbiturates, we treated a case of respira- 
tory embarrassment which occurred early 
in the course of our animal experimentation 
with evipal in prolonged anesthesia. The 
counteracting action of picrotoxin in this 
case was so effective that it suggested the 
feasibility of the employment of pecrotoxin 
as a routine prophylactic measure.° Using 
this technique in numerous laboratory 
experiments the fact was established that 
whereas picrotoxin has no inhibitory or 
retarding effect on the anesthetic action of 
evipal it effectively prevents the possibility 
of respiratory paralysis. Since the danger 
in the intravenous administration of evipal 
for purposes of anesthesia lies in its possible 
assault on the respiratory center it follows 


*From the Department of Pharmacology, Howard University School of Medicine and Freedmen’s Hospital, 
Washington, D. C. 
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logically that the antecedent protection of 
this center against such impending assault 
is good pharmacological procedure. Picro- 
toxin provides this protection. Conse- 
quently all our clinical cases on whom 
evipal is used for prolonged anesthesia 
receive routinely a prophylactic dose of 
picrotoxin. 


TECHNIQUE 


Selection of Patient. Since evipal is 
detoxified principally, if not entirely, by 
the liver we consider functional impairment 
of this organ the major contraindication. 
Accordingly, a negative Fouchet test is 
done routinely before evipal is selected as 
the anesthetizing agent. In the series of 
cases here reported (Table 1) no other 
condition presented itself either as a con- 
traindication or complication following its 
use. Mention of other possibilities will be 
made in the discussion. 

Preparation of Patient. The patient is 
prepared in the usual manner. When neces- 
sary psychic or nervous stabilization on the 
night preceding the operation is obtained 
by the use of morphine-scopolamine, but 
under no circumstances is preanesthetic 
medication allowed. Preliminary sedation 
both complicates the general picture and 
prevents a correct estimation of the effec- 
tive anesthetizing dose of evipal. On this 
matter we are in accord with Heard” and 
Killian.! Heard says that preoperative 
sedatives should be used with caution; and 
Killian says that their use with evipal is not 
recommended since their depressant action 
combines with the action of evipal and 
impairs respiration. 

Induction. Upon signal of readiness 
from the surgeon 2 c.c. of a 0.3 per cent 
solution of picrotoxin is injected intra- 
muscularly, the deltoideus being the site 
usually selected. This is followed by an 
immediate enhancement of the rate and 
(or) depth of respiration. The patient is 
then asked to count audibly as soon as the 
needle delivering the evipal solution has 
been inserted into the vein and the injec- 
tion has begun. The injection is made fairly 
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rapidly until the patient’s voice fades 
away. An additional one-third of the dose 
already delivered is then given and the 
injection is stopped, the needle being held 
in the vein. The signal is now given the 
surgeon to begin. Using the same calibre 
syringe and needle at all times the tech- 
nician quickly learns to gauge the optimal 
rate of injection. Individual variations 
become a negligible factor with the rapidly 
acquired experience. Because of the relative 
length of the systemic circulation in man 
as compared with small laboratory animals 
the rate of injection in man has to be 
correspondingly increased in order to 
produce anesthesia, so rapidly is the drug 
detoxified. Undue slowness of injection 
rate serves to retard the induction time as 
well as boost the initial amount of the 
anesthetic. The average induction time is 
twenty to thirty seconds. The presence of 
picrotoxin in the system acts as a virtual 
buffer against untoward embarrassment. 
Respiratory accidents are reduced to the 
vanishing point with the employment of 
this technique. 


ANALYSIS OF CASES 


Blood Pressure. The blood pressure is 
recorded prior to the administration of 
picrotoxin. Whenever possible the sphyg- 
momanometer is kept on the arm in which 
event the pressure is recorded at intervals 
of five minutes throughout the operation. 
In every case the pulse and respiration 
rates are taken at five minute intervals. 
There is usually an insignificant initial fall 
of pressure, but this tends to right itself. 
In our cases the drop was merely 2 to 10 
mm. In 2 instances an actual rise in the 
systolic pressure occurred (150 to 170 and 
126 to 130). Two cases exhibiting hyper- 
tension showed marked drops (240 to 200 
and 160 to 88). In one patient, twenty-five 
years of age, a pressure of 138 dropped to 
92. The average systolic pressures at the 
beginning and end of the operation for the 
series were 133 mm. and 118 mm. respec- 
tively, constituting an average fall of 
approximately 15 mm. We have taken a 
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fall of 30 mm. in an initially normal pres- 
sure reading as one indication for a 
supportive dose of picrotoxin. 

Pulse. As a rule the pulse rate tends to 
increase during the course of the operation. 
Ten cases in our series manifested slight 
decreases comparing the rates at the end 
with those at the beginning. The average 
pulse rates per minute at the beginning and 
end were 105 and 116 (10 per cent). 
Changes in the rate are of minor significance 
as compared with associated changes in the 
quality of the pulse. Any sign of threadi- 
ness or weakening in the course of an 
operation is construed as another indication 
for a supportive dose of picrotoxin. 

Respiration. The rate of respiration also 
tends to increase but like the pulse the 
increase is not marked. Five showed slight 
decreases (26-24, 24-18, 36-25, 40-32, 
48-40). Three showed considerable in- 
creases at the end over the initial rate 
(22-56, 20-68, 22-68). The majority (78 
per cent) showed slight increases. The 
average increase was 8 per minute, from 
29 at the beginning to 37 at the end of 
operation. 

Under evipal anesthesia the respiration 
closely simulates physiological sleep usually 
exhibiting a gentle stertor with a definite 
rhythmicity and depth. We take the 
quality of the respiration as our cardinal 
sign, either withholding the evipal adminis- 
tration or gauging the fractional doses ac- 
cording to the minutest detectable changes 
of rhythm or depth. In this way a smooth 
course of anesthesia is maintained. Our 
fractional doses, therefore, are character- 
ized more by smallness and frequency than 
by quantity. In this connection it is 
pertinent to state that impairment of 
rhythm and depth may result from obstruc- 
tion of the air passage. Unless it causes 
gagging the mechanical Cornell airway is 
used routinely. We have had no cases in 
which apnea, hyperpnea, asphyxia or shock 
was observed, or anxiety exhibited by 
surgeon or anesthetist. In no case did any 
untoward condition arise remotely suggest- 
Ing an emergency calling for the use of 
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oxygen-carbon dioxide or any other respira- 
tory stimulant. 

Quality of Anesthesia and Relaxation. 
Care was taken after each operation to have 
the surgeon express in writing his impres- 
sions regarding the quality of the anesthesia 
and the nature of the relaxation of skeletal 
muscle and abdominal viscera. These 
impressions are recorded in the table. 

Postoperative Notations. The records 
reveal one case developing “pleuritic 
pains” on the fourth postoperative day and 
one a “hypostatic or bronchial pneu- 
monia” on the second day. Both cases 
cleared following digitalis medication. The 
anesthetic, in our opinion, had no causal 
connection with either condition. There 
have been no instances of postoperative 
gastric distress, intestinal distention or 
malaise. The strict withholding of ferment- 
able or gas-producing foods and drinks may 
probably have played a beneficial role. The 
most clamant postoperative disturbance in 
our records is what is variously described 
as restlessness, irritability, hyperexcitabil- 
ity, and tremors. For the first case where 
restlessness was observed postoperatively 
180 mgm. of nembutal was ordered, as we 
felt that the restlessness was probably due 
to some residue of picrotoxin in the system. 
However, with notices in the literature 
(c.f. Heard,’ Coryllos and Bass,’ et al.) of 
such a condition obtaining in which no 
analeptic was administered it was sus- 
pected that the anesthetic agent might play 
some role in the production of this hyper- 
sensitiveness. We tried morphine with 
unvaryingly good results. A single dose of 
morphine, 10 or 15 mgm., with or without 
atropine has always given the desired seda- 
tion; (see also Heard”). 

Of the 40 cases presented in this report 
26 or 65 per cent lasted fifty minutes or 
more from the time of incision to the 
making of the last suture. Of these 26, 
18 occupied sixty minutes or more and of 
the 18, 3 lasted 133, 125 and 125 minutes 
respectively; the average duration for the 
series was 58.85 minutes. The average dose 
per person of evipal used throughout the 
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series was 1.875 gm. The largest dose used 
in a single case was 4.7 gm. distributed over 
ten fractional injections, the initial induc- 
tion dose being 1 gm. Reference to the 
table will show the variety of operations 
performed. 


DISCUSSION 


Because of its rapid destruction in the 
system the adaptability of evipal for anes- 
thesias of long duration making use of the 
technique of fractional injections p.r.n. 
was soon discovered and adopted. 

Rogotzky"™ states that it is apparently 
harmless and especially valuable in general 
anesthesia of long duration. Sailer!? and 
Kohlhage’® while especially advocating its 
use both as a basal anesthetic and as a 
general anesthetic for short operations also 
state that it may be used for prolonged 
major operations. Sailer warns of the 
danger of the facile overdose and insists 
that expert induction is as necessary as in 
the case of inhalation anesthesia. Garrey 
and Cohn" advise the restriction of its 
use to good surgical risks until it has been 
more widely used and better understood. 
Cousineau® urges that the dosage and the 
rate of injections should be carefully 
watched. Kaminiker and Rintelen" report 
that while it is employed at the Graz Clinic 
for certain major operations calling for 
fractional injections, its employment for 
orthopedic operations was not approved 
because of the frequent occurrence of motor 
unrest. Beck” and Baetzner' encountered 
some trembling and twitching. The former 
attributed this to rapidity of injections, the 
latter to high basal metabolism which 
destroyed the substance so rapidly that 
inadequate dosage probably evoked excita- 
tion rather than sleep. He employed sup- 
portive amounts of ether or ethyl chloride 
in those cases. Burkle de la Camp” used it 
for basal, short and long anesthesias with- 
out any immediate deleterious results or 
sequela. Ernst” reports that prolonged 
anesthesia was obtained by fractional doses 
but advises against this because of frequent 
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changes in the depth of narcosis which is a 
disadvantage alike to surgeon and patient. 

By the prophylactic employment of 
picrotoxin, the incidence of respiratory 
embarrassment is effectively offset and 
by the frequency of administration of 
minute fractional doses the desired depth 
and smoothness of anesthesia is easily 
maintained. 

Following the recommendation set forth 
by the manufacturers of evipal that the 
dosage should be gauged on the basis of 
0.06 c.c. of a 10 per cent solution per pound 
of body weight with a maximum of 10 c.c. 
(1 gm.) per person, the earlier investigators 
tried to establish a dosimetric scale for 
general use. Heard” states that the sleep 
inducing dose should be one-half the full 
estimated weight dose. Garrey and Cohn"! 
inject 3 to 4 c.c. at the rate of I c.c. per 
fifteen seconds leaving the needle in the 
vein for subsequent injections p.r.n. To 
produce anesthesia Sailer? injects 7 to 
10 c.c. delivering the first 4 c.c. in one 
minute. To prolong anesthesia two-third to 
one-half of the initial anesthetizing dose is 
given. These rules are, however, only of 
suggestive value. Questions of idiosyn- 
crasies, age, nutritional state, nervous set 
are always obtrusive. Gorodner*! advises 
that nervous patients require larger and 
debilitated patients relatively smaller doses. 
Cousineau” reports one death occurring 
two minutes after the injection of 7 c.c. 
Morl®? reports a case of death in three 
minutes of a man seventy-five years of age 
who received 8 c.c. and Kaminiker and 
Rintelen” report 2 cases of women, seventy 
years old, who manifested severe respira- 
tory and circulatory disturbances following 
the injection of 7 c.c. each. Both died; one 
within nine hours and the other three days. 
Morl used his observation to stress the 
warning that schematic dosage according 
to body weight may result in overdosage. 
Kaminiker and Rintelen believe that their 
deaths were not due directly to the narcotic. 
Harms”? advises that the calculated weight 
dosage should be checked by observation of 
objective symptoms during injection so as 
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to control factors of possible idiosyncrasies. 
Westerborn*™ states that young patients 
often needed twice as much as patients 
between sixty and eighty years of age and 
robust patients generally required more 
than anemic or debilitated ones. In our 
experience the method of individualizing 
our patients, using the abolition of speech 
as guide, has proved quite satisfactory. Its 
utter simplicity commends it. We are not in 
position to say whether or not this simple 
method would work satisfactorily without 
the prophylactic use of picrotoxin. 

On the question of contraindications to 
the use of evipal there is a unanimity of 
opinion amongst investigators that hepatic 
dysfunction definitely contraindicates the 
employment of this agent. Either by way of 
elucidation or addition, mention has been 
made of marked sepsis by Merritt;”> peri- 
tonitis by Kohlhage;'* bronchial asthma 
by Boden;* cachexia, dehydration and 
certain nose and throat operations by 
Suraci;”” impaired respiration and sub- 
uremic states, by Killian.! Early bronchiec- 
tasis, diabetes, hypertension, endocarditis 
and advanced carcinoma are mentioned by 
Heard” as complicating factors. Coryllos 
and Bass* present a comprehensive state- 
ment on contraindications with which we 
are in complete accord. They state: “‘It is 
(therefore) obvious that morbid conditions 
causing impairment of hepatic functions 
constitute formal contraindications to the 
use of evipal. Such conditions are jaundice 
—whatever the cause, acute toxemias and 
bacteremias, or chronic and_ prolonged 
suppurations.” 


SUMMARY 


The adaptability of evipal soluble by 
fractional injections for use in prolonged 
clinical surgical anesthesia because of its 
rapidity of action and detoxification is 
discussed. 

The efficacy of picrotoxin as a prophy- 
lactic measure to protect the respiratory 
center from untoward or undue assault by 
the barbiturate is advanced. 
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The technique employed in the produc- 
tion and maintenance of good clinica 
surgical anesthesia is described. 

Analysis is made, and a table presented, 
of 40 operations performed under prolonged 
evipal anesthesia by the employment of 
this technique. 

A brief discussion of the literature 
pertinent to the subject is presented (a) on 
the experiences and impressions of investi- 
gators (b) on the problem of schematic 
dosage and gradation of fractional doses 
and (c) on the question of contraindications 
to the use of evipal. 


We wish to acknowledge with thanks our 
deep appreciation of the kindness of the follow- 
ing: The Research Department of the Winthrop 
Chemical Company for generously providing 
the evipal soluble used in this study; the sur- 
geons whose names appear in the table for 
faith in our judgment; and the _ internes, 
Doctors J. C. Oliver, U. 1. Carrington and T. C. 
Simmons for invaluable aid in the course of 
administering the anesthetic and for keeping 
the postoperative records on the condition and 
progress of the patients. 
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PHILADELPHIA 


HE extensive clinical use of evipal, as 

reported by numerous observers, has 

established the value of this newer 
agent in the field of anesthetics. Because it 
has the property of producing a short but 
sufficiently deep anesthesia, evipal would 
seem to be especially useful in proctology, 
where there are many procedures requiring 
only a brief anesthesia but relaxation must 
be complete. In order to determine the 
applicability of this agent to rectal surgery, 
it was administered to 100 cases, and a 
summary of our experience is presented in 
this report. 

This anesthetic is characterized chiefly 
by its ease in administration and rapidity 
of induction; by its short duration and 
prompt detoxication; by its wide margin of 
safety and its rare after effects. A detailed 
review of the pharmacology of evipal will 
not be given here except to emphasize the 
fact that although related to amytal, 
nembutal and pernocton it has less than 
half the toxicity of these other barbiturates 
when given in anesthetic doses. Experi- 
mental evidence by Kennedy and Narayana 
and others has indicated that the drug is 
decomposed and detoxicated by the liver. 
It is not cumulative in action and animals 
could not be made to show any degree of 
tolerance after repeated injections. 

A detailed clinical study was made of the 
effects of the administration of evipal 
anesthesia in the present series of cases. The 
pulse and blood pressure were recorded 
immediately before and after the adminis- 
tration and at five minute intervals there- 
after for six or more consecutive readings. 
The effects on respiration were noted. The 
temperature was recorded before adminis- 


tration and upon complete recovery. The 
eye and other important reflexes were 
observed. A study of the period of reaction 
and the postanesthetic effects, including 
subjective symptoms, was also made. The 
effects of the preanesthetic administration 
of opiates in a group of the cases were also 
observed. 


TECHNIQUE OF ADMINISTRATION 


The precautions that are usually ob- 
served in administering any general anes- 
thetic are applicable to evipal, both before 
its administration and during its full 
course of action. To secure optimum results 
and to avoid the dangerous effects of over- 
dosage careful technique in administration 
is necessary. This is especially true in rectal 
surgery where a profound depth of anes- 
thesia is essential for complete relaxation 
of the anal sphincters. It was found that 
the technique usually advised in adminis- 
tering evipal in other fields of minor 
surgery was not satisfactory in the present 
group of cases. In earlier reports the dose 
of the drug was determined according to 
the weight of the patient and it was then 
administered at one time as a single injec- 
tion. However, the weight proved to be of 
little value as a gauge in calculating the 
total dose to be administered to a patient. 
This will be discussed later in more detail. 
In addition, it was found that a definite 
ratio between the amount of anesthetic 
administered and the duration of anesthesia 
was not the rule (Chart 1). For these 
reasons the following slight modification 
in administration was made and found to 
be more effective. Instead of estimating the 
dose beforehand, we now individualize each 
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patient and attempt to control the anes- 
thetic by administering it in interrupted 
and divided doses of 1 to 3 c.c. during the 
course of the operation. 
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fashion. The operative area is prepared and 
all is made ready to proceed with the 
operation. The second hand of a watch 
should be available. After the needle is 
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The anesthetic is freshly prepared by 
dissolving one gram of the drug in 10 c.c. 
of sterile distilled water. The injection may 
be made into any vein, preferably into one 
in the antecubital space. The arm is 
fastened to an arm-length board and the 
site of injection prepared in the usual 


base of each column 

represents the 
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inserted into the vein the patient is 
instructed to count slowly. Injecting at the 
rate of 1 c.c. per ten seconds the injection 
is interrupted as soon as the patient ceases 
counting, as unconsciousness occurs. The 
amount required to reach this stage will 
vary from 2 to 5 c.c. A thirty second pause 
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is then allowed for complete circulation of 
the blood in order that the full effect of this 
initial dose may be observed. An amount 
of solution equal to the quantity necessary 
to induce unconsciousness is then injected 
twice as rapidly. The operation is now 
begun, the needle being left in place. If 
resistance or undue motion is encountered, 
an additional amount of I to 3 c.c. Is given 
until complete relaxation is obtained. As 
the operation proceeds evidence of resist- 
ance on the part of the patient is used as 
a guide that additional anesthesia is 
required. It is believed that this method of 
administration is more rational and avoids 
the dangers of overdosage which may occur 
with a single large injection. Recently, 
Lundy has also advised that the drug 
should be given in divided doses, “much 
as when ether is administered by the drop 
method.” 

In the majority of cases the total 
quantity necessary for a satisfactory anes- 
thesia has been 1.0 gm. or less. In 8 cases 
where the operation was prolonged addi- 
tional anesthesia was supplied by means of 
nitrous oxide or ether. However, in 6 of the 
later cases of this series, additional amounts 
of evipal in excess of 1.0 gm. were adminis- 
tered in small interrupted doses, as de- 
scribed. The procedure was found to be safe 
and satisfactory. 

The preanesthetic administration of opi- 
ates has been advocated by many with the 
intention of lengthening and stabilizing the 
effects of evipal anesthesia. However, 
because of their tendency to depress the 
respiratory center it has been found that 
their use increases to a great degree the 
dangers inherent in the administration of 
intravenous evipal. Morphine, 0.016 gm. 
(14 gr.) was given to approximately one- 
fifth of this series of cases. It prolonged and 
apparently deepened the anesthesia but it 
also lengthened the postanesthetic period 
of recovery and at times caused alarming 
symptoms during the induction period due 
to respiratory embarrassment. Moreover, it 
was noted that the ability to control and 
regulate the action and depth of this anes- 
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thesia, as described, was greatly decreased 
in those cases receiving premedication. 
Because of these reasons and since the 
induction period of evipal anesthesia is 
devoid of those unpleasant features usually 
seen in other types of general anesthesia, 
the preanesthetic use of opiates was 
regarded as unnecessary and was limited 
solely to the extremely nervous patient. 
It should be administered at least one hour 
prior to the time of operation and should 
be regarded primarily as a sedative. Pre- 
medication with other barbiturates is con- 
traindicated because of the additional 
depressant action. Although it was not 
encountered in the present group of cases, 
idiosyncrasy to barbiturates occasionally 
exists, and it is desirable to question the 
patient in this respect before administering 
evipal. 


CLINICAL SIGNS AND SYMPTOMS 


During the injection of the first 2 c.c. 
the patient counts aloud and with con- 
fidence; with 3 to 4 c.c. he hesitates as a 
feeling of fatigue comes over him; he 
becomes surprised; a vacant stare follows 
as intense drowsiness overwhelms him; the 
counting becomes disordered and whispered 
and finally with a deep sigh or yawn he 
drifts into anesthesia. 

Dependent upon the amount given he 
partially awakes in five to twenty minutes, 
wearily opening his eyes, looks about for a 
moment and usually falls asleep again. The 
patient has passed through a short period 
of complete amnesia. Most patients will 
then sleep soundly for one to two hours. 
They should be allowed to rest for this 
period of time or longer. Drowsiness is 
usually present for several hours following 
the rest period. In four to eight hours the 
patient states that he feels well and re- 
freshed, as if after a very restful sleep. 
Approximately one-half the out-patient 
cases were permitted to leave, accompanied 
by someone, after resting two hours. The 
remainder were retained in the hospital for 
a longer period. 
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Objectively, the respirations become 
slower and deeper during the period of 
induction. As deep anesthesia sets in they 


Average duration of anesthesia 
in various dosage groups. 
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become more shallow and rapid. It is a good 
plan to place a wisp of cotton before the 
nostrils to better observe respiratory venti- 
lation. The color remained good through- 
out, except in 6 instances where cyanosis 
was encountered. The pulse rate was found 
to increase ten to thirty beats per minute, 
the pulse volume slightly decreasing. The 
blood pressure falls from ten to thirty mm. 
of mercury. It is lowest at completion of 
injection and then gradually rises to normal 
as the patient reacts. The temperature was 
not affected. The pupils are mid-wide to 
widely dilated and always react to light. 
The lid and corneal reflexes are absent only 
during the short period of deepest anes- 
thesia. Definite conclusions regarding the 
depth of the anesthesia cannot be made 
from observing the reflexes. The presence 
or return of muscular resistance was found 
to be a better guide to the depth of anes- 
thesia and was thus utilized to indicate the 
amount of anesthetic required. The relaxa- 
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tion of the peripheral musculature includ- 
ing the abdominal walls is complete as that 
obtained with ether anesthesia. The anal 


S°lDuration of 


anesthesia in six 
] individuals 
receiving more 
40; than 1.0 gram. 
chart m. 


20} 


IN UTES 


13 11 15 14 15 18 
DOSE IN GRAMS 


sphincters relax remarkably well with 
evipal. 


SUMMARY OF CASES 


Evipal was administered in 100 instances 
to a group of patients in whom various 
proctologic procedures were performed. 
These included examinations, painful dress- 
ings and operations. The group was com- 
posed of 87 patients; the youngest was 
24 years of age and the oldest seventy-one 
years. The doses ranged from 0.3 gm. to 
1.8 gm. The anesthetic was administered 
twice to 6 patients; three times to 2 pa- 
tients and four times to another. In those 
cases receiving 1.0 gm. or less the duration 
of anesthesia varied from four to twenty- 
six minutes. Only 6 patients were given 
more than 1.0 gm. and in these the period 
of anesthesia was prolonged, varying from 
fourteen to forty-six minutes (Chart 11). 

In 85 of the 100 cases anesthesia could be 
classed as completely satisfactory; in 
8 cases as partially satisfactory and in 7 as 
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failures. In the partially satisfactory group 
the duration of anesthesia was extremely 
short and supplemental anesthesia with 
nitrous oxide gas was used. In the group 
classed as failures, 3 were due to under- 
dosage and one to the fact that we failed 
to enter the vein fully, injecting most of the 
solution into the perivascular tissues. This 
patient later developed venous thrombosis 
with sloughing of the surrounding tissues. 
No explanation can be given for the failure 
in the remaining 3 cases of this group. Two 
of the patients coughed so violently that 
any operative procedure was made difficult. 
In the third patient, a robust individual, 
the agent was effective in producing only a 
state of hypnosis, although a total of 1.0 
gm. was administered. 

Undesirable effects were encountered in 
a small percentage of cases and were found 
to be most frequent where premedication 
had been used. Moderate resistance was 
encountered in 6 instances and to some 
extent interfered with the operation. Slight 
muscular twitchings were noted in 10 cases 
but were not troublesome. These could be 
traced either to underdosage, injecting too 
slowly or starting the operation too soon. 
Cyanosis occurred in 6 instances. Bringing 
the jaw forward and thus establishing a 
better airway relieved the difficulty imme- 
diately in 4 cases. In 2 of the patients who 
were seized with attacks of coughing the 
cyanosis was relieved only after the 
administration of oxygen and carbon 
dioxide. Marked postanesthetic restlessness 
was observed on 4 occasions. Nausea, 
vomiting and headache did not occur in any 
instance. Signs of collapse, even slight, 
were never encountered. In the event that 
respiratory spasm or paralysis does occur 
one should resort to the immediate 
administration of oxygen, together with 
artificial respiration, if necessary. In addi- 
tion, stimulants should be available for 
immediate intravenous injection. 


CONTRAINDICATIONS 


The chief contraindications appear to be 
the presence of hepatic disease and any 
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condition which produces massive inter- 
ference with gaseous interchange in the 
lungs. So too, are conditions such as sepsis, 
which may cause morbid changes in the 
liver. One of the present cases was a 
patient, with extensive carcinoma of the 
liver, who received 0.6 gm. He did not 
react from the anesthesia for about two 
hours, although at no time did he present 
any alarming symptoms. The present series 
included 2 patients with active pulmonary 
tuberculosis, 2 with marked cachexia and 
one with recurrent attacks of auricular 
fibrillation. None of these showed any 
clinical evidence of ill effects after adminis- 
tration of the anesthestic. These few cases 
suggest the adaptability of evipal in some 
instances where the use of other types of 
anesthesia may be contraindicated. 

Thirty-two fatalities have been reported 
following several hundred thousand ad- 
ministrations of evipal. It should be pointed 
out that many of the deaths occurred while 
evipal was still in the experimental stage, 
that contraindications had not been ob- 
served, and that many of the cases were 
acknowledged to be very poor risks for any 
type of anesthesia. 


COMMENTS 


As previously mentioned, earlier ob- 
servers attempted to calculate the dose of 
evipal according to the body weight and 
administered the estimated amount as a 
single injection. After this procedure was 
followed in a number of the cases presented 
here, it was found that with a given dose no 
definite ratio existed between the weight 
of the patient and the duration of the 
expected anesthesia (Chart 1). It appears 
therefore that the weight need not be 
considered in the administration of the 
anesthetic. 

Regarding the relationship of dosage to 
duration of anesthesia it was found that no 
definite ratio existed between them. It is 
virtually impossible in any procedure of 
known duration to predict the total dose 
that the patient will require. An extreme 
variability exists in the response of the 
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individual patient to a given dose. How- 
ever, In a general way, there is some degree 
of relationship between the dosage and the 
duration. In Chart 1 the patients are 
grouped according to the amounts received 
and it will be observed that the average 
duration of anesthesia of each group tends 
to increase with increasing dosage, but not 
in any direct proportion. 

Controllability, which is an essential 
feature of any anesthetic, can be obtained 
to some degree with evipal. Its quality of 
being rapidly detoxified in the body is an 
advantageous factor toward securing this 
control. Untoward symptoms suggesting 
that an excessive dose has been given are of 
very short duration because of the rapid 
detoxication. It is believed that the 
element of uncontrollability is further 
reduced by the careful administration of 
this anesthetic in small, interrupted and 
divided doses, as described. The rapid 
injection of large amounts should be 
avoided. 

The results in the present series of cases 
have differed in one important feature from 
those reported by others and this has been 
in the duration of anesthesia. Instead of the 
fifteen to twenty minute period of anesthe- 
sia expected with the administration of 1.0 
gm. it was found, in many instances, that 
the period of available anesthesia was not 
more than ten minutes for the actual 
operative procedure. This is thought to be 
due to the fact that in surgery involving 
the anal sphincters a greater depth of 
anesthesia is required than may be neces- 
sary in other areas and that the period of 
deeper anesthesia obtained with evipal is 
short in comparison to the total duration 
of lighter anesthesia suitable for other 
purposes. 

An important disadvantage in the use of 
this agent is the occasional occurrence of 
such reflexes as twitching, jerking or cough- 
ing, which may prove troublesome. In addi- 
tion, the unexplained failure of anesthesia 
in 3 per cent of the present series of cases 
makes evipal somewhat uncertain in its 
effects and therefore not always reliable. 
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Nevertheless, evipal has definite and 
desirable features. The technique of ad- 
ministration is simple; the induction period 
is short and pleasant and usually psychic 
shock is absent. Anesthesia is usually 
sufficiently deep. Its action is safe if con- 
traindications are observed; the postanes- 
thetic sleep is short and it can be repeated 
without fear of habituation. We believe 
that this pharmaceutical has a definite 
place, within certain limits, in the current 
field of anesthetics and that it can often 
replace many of these agents. 


SUMMARY 


Evipal was administered in 100 instances 
to a series of 87 patients in whom various 
proctologic procedures were done. In 85 
administrations anesthesia was entirely 
satisfactory; in 8 partially so and in 7 it 
failed. 

In a clinical study of its effects evipal 
was found to have but little influence on 
the vital centers. 

To secure some degree of control of the 
anesthetic agent, the technique of adminis- 
tration has been slightly modified. After an 
initial dose sufficient to induce unconscious- 
ness, additional amounts are administered 
in small, interrupted and divided dosés, as 


OPERATIONS AND PROCEDURES PERFORMED UNDER 
EVIPAL ANESTHESIA 


Number 
of Cases 

Internal 18 
4 
External 3 
Dilatation of anal sphincter................. 3 
2 
Fulguration of inoperable carinoma of rectum. I 
Biopsy of rectal I 
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Biopsy of inguinal 
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the operation proceeds. The weight is of 
little value in determining total dosage. 

By this method amounts in excess of 
1.0 gm. were administered to 6 patients and 
found to be entirely safe. 

The duration of effective anesthesia for 
proctologic procedures was found to be 
considerably shorter in comparison to that 
available for other types of surgery. 
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GAS THERAPY* 


ALVAN L. BARACH, M.D., F.A.C.P. 


NEW YORK CITY 


HE use of gas therapy as a con- 

ceptual entity in the general field of 

medicine and surgery warrants con- 
sideration and discussion. Although by 
definition it refers simply to the employ- 
ment of gases in the treatment of disease, 
the use of the term gas therapy amounts 
to a proposal to regard the therapeutic 
administration of gases as part of a special 
branch of medicine sufficiently allied to 
anesthesia to warrant consideration under 
a combined heading “anesthesia and gas 
therapy.” 

We are bound to inquire what are the 
purpose and advantage of this attempt 
to widen the specialty of anesthesia to 
include the administration of gases in 
clinical illness. 

Although oxygen therapy had been em- 
ployed in medicine ever since Thomas 
Beddoes established the Pneumatic In- 
stitution in Bristol in 1800, the controlled 
effective clinical administration of oxygen 
was initiated only sixteen years ago by 
Stadie at the Rockefeller Institute, Meak- 
ins in England, and Barach, first at the 
Massachusetts General Hospital and later 
at the Presbyterian Hospital, New York. 
As a result of these investigations, the 
fundamental facts of clinical oxygen ther- 
apy were established; namely, (1) that 
the oxygen concentration of the arterial 
blood could be elevated to or near the 
normal value by inhalation of high con- 
centrations of oxygen in patients with 
pulmonary or cardiac insufficiency, (2) that 
approximately 40 to 60 per cent oxygen 
in the atmosphere was necessary for effec- 
tive employment of this therapy, (3) that 
efficient, comfortable and hygienic methods 
of administration were essential in order to 
obtain the therapeutic results aspired, 
(4) that significant clinical improvement 
was demonstrable when these criteria were 
fulfilled. 

During the ensuing sixteen years the 
value of oxygen therapy was confirmed 


and clarified by the work of numerous 
investigators. The point chiefly to be em- 
phasized is that wherever an understanding 
of the pathological physiology of oxygen- 
want and technical skill in the administra- 
tion of oxygen have been present, the 
conclusion has been made that oxygen 
therapy, where it is indicated, has both a 
beneficial and, at times, a life-saving effect. 
At first, it was employed chiefly in lobar 
pneumonia, bronchopneumonia and post- 
operative pneumonia; later, its use was 
extended to congestive heart failure, coro- 
nary thrombosis, pulmonary emphysema 
and fibrosis, bronchiectasis, atelectasis of 
the lungs of the newborn. Any acute 
development of oxygen-want, such as that 
due to embolism of the lungs, serious blood 
loss or shock, may become an indication 
for oxygen therapy. 

In cases in which the respiratory center 
was depressed, as by morphine, CO poison- 
ing, drowning or electric shock, the addi- 
tion of 5 to 10 per cent CO, to oxygen was 
advocated by Henderson to promote more 
rapid reversal of arterial anoxemia. In 
fact, this aspect of medicine has been 
considered worthy of separate mention in 
the specialty that is being discussed under 
the heading “Resuscitation,” by the So- 
ciety for the Prevention of Asphyxial 
Death, whose president, Dr. P. J. Flagg, 
has steadily advocated the formation of an 
alliance between anesthesia, oxygen ther- 
apy and resuscitation. In the author’s 
view, there is no physiologic justification 
for the administration of carbon dioxide 
except in patients in whom obvious depres- 
sion of the respiratory center exists. This 
largely excludes its use in pneumonia and 
in cardiac insufficiency. However, in cases 
where resuscitation is indicated, the addi- 
tion of CO, to oxygen for short periods 
appears to be of decided value. Other 
procedures, such as mechanically opening 
the passageway to the lung, artificial res- 
piration, intelligent use of a safe pulmotor, 
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and the employment of drugs which 
stimulate the respiratory center such as 
alpha-lobelin, are all measures designed 
to provide the body with an adequate 
supply of oxygen to alleviate arterial or 
tissue anoxemia. Whether or not resuscita- 
tion appears as a separate heading in the 
newly conceived Section of Anesthesia and 
Gas Therapy is incidental. Of greater 
importance is the fact that a great many 
avoidable deaths occur from asphyxia from 
various causes, and that our present in- 
quiry centers on the question whether the 
formation of a specialty which would 
develop and demand skilled training in 
overcoming all types of dangerous an- 
oxemia would be of advantage to the 
community as a whole. 

To complete the groundwork of our 
discussion, we have to consider the use of 
helium. Because of the recent intrusion of 
this gas in inhalational therapy, the term 
“gas therapy” has been selected instead 
of “oxygen therapy.” The author has 
found helium to be of decided value in 
the treatment of intractable, severe asthma, 
in patients who have become refractory to 
adrenalin. As a result of periodic inhala- 
tions of this gas mixed with oxygen in 
suitable proportions, patients have re- 
covered who appeared to be in serious, even 
grave, status asthmaticus. In more or less 
continuous asthma, with partial refrac- 
toriness to adrenalin, helium therapy has 
accomplished a greater restoration of 
adrenalin sensitivity than any other meas- 
ure tried, with accompanying clinical 
improvement. 

We have employed the helium-oxygen 
mixture in cases in which obstruction in 
the pulmonary airway produced obstruc- 
tive dyspnea. The inhalation of this light 
gas mixture proceeds with one-half the 
force required to ventilate the lungs with 
either oxygen or air, and in some instances 
has been able to avert tracheotomy. In 
other patients, mostly children, in whom 
the obstructive lesion was below the site 
for tracheotomy, the inhalation of helium- 
oxygen mixtures has brought relief when 
oxygen alone did not alter the superficial 
dyspnea, although lessening the anoxemia 
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of the patient. The basis for the use of 
helium is its exceptional lightness, for it 
is only one-eighth as heavy as oxygen. A 
mixture of 79 per cent helium and 21 per 
cent oxygen has one-third the weight of 
air and, therefore, according to the physical 
formula of diffusion of gases (the velocity 
of movement of a gas being inversely 
proportional to its molecular weight), there 
is twice the velocity of movement or one- 
half the pressure in using this gas mix- 
ture, instead of air or oxygen nitrogen 
atmospheres. 

In pulmonary emphysema in which 
varying degrees of bronchiolar obstruction 
is generally present, the addition of this 
gas to oxygen accomplishes a greater relief 
of dyspnea than oxygen-enriched air. In 
the May meeting of the American Medical 
Association, discussion of the author’s 
paper revealed its use during anesthesia 
when dyspnea due to obstruction or laryn- 
geal spasm was relieved by admitting 
helium with oxygen in suitable proportions. 

The review of these uses of oxygen and 
helium and carbon dioxide can only arouse 
the view that special teaching is necessary 
in order to understand the pathological 
physiology of the various conditions for 
which these gases are intended as well as 
skilled training in their administration. In 
the author’s opinion the curriculum of 
medical schools, has been outstandingly de- 
ficient in this respect. Postgraduate instruc- 
tion appears, therefore, to be necessary. 

To consider for a moment the adminis- 
tration of oxygen therapy alone, there is 
a widespread employment of oxygen in 
hospitals and in private practice in which 
no testing of the oxygen concentration and 
even no conception of the oxygen concen- 
tration desired is considered. Except in a 
few clinics, there is no medical head to the 
department of oxygen therapy. Internes or 
nurses generally use the equipment without 
inspection of its efficiency or performance. 
In certain communities, oxygen therapy 
services have been established which sup- 
ply equipment at emergency demand. Some 
of them test the oxygen concentration, 
others simply assure the physician that the 
desired amount of oxygen can be measured 


590 American Journal of Surgery 
by the litre flow of oxygen from the tank, a 
totally inaccurate statement. Not infre- 
quently, the dosage of oxygen is decided 
by technicians who have no medical train- 
ing, but who have had more contact with 
oxygen administration than the physician 
himself. 

The administration of helium involves 
greater difficulties and hazards. The neces- 
sity for careful regulation of the oxygen 
concentration and helium supply is essen- 
tial. An understanding of the physiological 
conditions for which it is intended is obvi- 
ously requisite. Wherever a gas is to be 
given to a patient, whether it be oxygen, 
carbon dioxide or helium, there seems to 
be no escape from the conclusion that 
medical responsibility for its administra- 
tion should be vested in a physician ap- 
pointed for this purpose. The factors 
involved are so frequently interwoven with 
the life or death of the patient that relega- 
tion of gas therapy to the superintendent’s 
office, the internes or nurses appears a 
dangerous and unjustified procedure. 

It seems to the author that any physician 
who is interested in the physiology of res- 
piration might properly assume this func- 
tion, whether he be an internist or an 
anesthetist. There has been evidence of 
increasing interest on the part of physicians 
specializing in anesthesia to control this 
relatively new field. The author has under- 
taken a postgraduate course in this subject 
in which a certain society of anesthetists 
has expressed its desire to take part. From 
their previous training in the administra- 
tion of anesthetic gases, the physician 
anesthetist feels that he has a foothold, as 
it were, on the general subject. How- 
ever, more technical training Is necessary. 
Furthermore, unless a purely technical 
oversight is accomplished, additional in- 
struction in the pathological physiology of 
respiratory and cardiac illness becomes a 
necessity. No difficulty may be experienced 
in suggesting and maintaining an atmos- 
phere of 50 per cent oxygen in a patient 
with pneumonia. However, the treatment 
of the patient with emphysema or pul- 
monary fibrosis raises many problems such 
as that of initial oxygen treatment, gradual 
modification of the dosage used, the type 
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of permanent oxygen therapy the patient 
is to have, and also the handling of a 
patient with a progressive process which 
steadily impairs pulmonary function. 

A movement such as has been proposed, 
namely, to qualify physicians in anesthesia 
and gas therapy, has a better chance of 
equipping hospitals and communities with 
experts in this field than a more random 
policy of allowing the subject to take care 
of itself. At the same time, no physician 
interested in pulmonary disease or internal 
medicine is excluded from a more special 
application to the physiology and treat- 
ment of disturbances in the function of the 
lungs and the pulmonary airways. The 
author knows of no way at the moment by 
which this special instruction may be ob- 
tained except through postgraduate teach- 
ing, most conveniently in the form of 
course from accredited clinics which es- 
pecially emphasize the subject matter 
which has been discussed. 


SUMMARY 


The function of the gases used in medi- 
cine, oxygen, helium and carbon dioxide, 
has been discussed in respect to (1) the 
conditions for which they are intended, and 
(2) the technical aspect of administration. 

The need for special training and medical 
responsibility wherever gas therapy is used 
has been stressed. The formation of a 
specialty or section tentatively called 
“anesthesia and gas therapy,” which would 
qualify physicians to include gas therapy as 
well as anesthesia, might provide a source 
of intelligent and expert supervision of 
administration of the gases used in medi- 
cine and surgery. At the same time, no 
physician in internal medicine would be 
excluded from a special application to this 
field. The present widespread lack of 
definite medical responsibility in the ad- 
ministration of oxygen would be even more 
serious if it were extended to helium ther- 
apy. The physician who is equipped by 
proper training to take over gas therapy, as 
it has been explained in this paper, would 
appear to be of real service both to the 
medical and lay communities which at 
present may be unequipped in this respect. 
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RELATIONSHIP OF ANESTHESIA AND 
ASPHYXIA 


HETHER unconsciousness is de- 

liberately induced by an anesthetic 

agent, or accidental, as in the case 
of carbon monoxide poisoning, submersion, 
asphyxia neonatorum, etc., the anatomical 
and physiological result as it becomes 
apparent in the musculature, the reflexes, 
respiratory and circulatory phenomena, 
may for all practical purposes be regarded 
as identical. 

The overlapping of these two fields, 
anesthesia and asphyxia, occasionally oc- 
curs as the result of simple anoxemia during 
the early induction of an anesthetic. It is a 
well known fact that deliberate limitation 
of oxygen at this time hastens the loss of 
orientation and voluntary coordination. 

Fatal accidents also occasionally occur 
during the induction of anesthesia as the 
direct result of respiratory obstruction or 
by reason of an accidental anoxemia from 
pure nitrous oxide, pure carbon dioxide, or 
some other agent. In asphyxia, the early 
stages of unconsciousness, accidentally 
induced, reveal active, deep reflexes, muscle 
spasm and a respiration and a circulation 
quite intact. In accordance with the etio- 
logical cause of the accidental unconscious- 
ness, the rapidity with which muscle tone 
is lost, reflexes disappear, and the respira- 
tion and circulation become embarrassed, 
vary widely, i.e.: unconsciousness from 
foreign body obstruction with a completed 
cycle of excitement, rigidity and relaxation 
may be expected to occur within five to ten 
minutes. Unconsciousness from carbon 
monoxide, from terminal poliomyelitis or 
from drug poisoning, may require hours to 
complete the fatal cycle. Regardless of the 
cause, however, the treatment to be 


applied at any given stage of unconscious- 
ness Is the same. 

The physician, therefore, who is trained 
in the care of the patient whose uncon- 
sciousness he has artificially induced, is de 
facto prepared to care for unconsciousness 
due to accidents. 

The importance of this fundamental 
principle cannot be over-emphasized and 
until it becomes generally recognized and 
accepted the anesthetist will not be called 
for the care of emergencies which by reason 
of his training, he is qualified to treat. 

The terminology employed to designate 
the physician who specializes in the produc- 
tion of artificial unconsciousness, namely, 
the anesthetist, by focusing attention upon 
the control of pain, is unduly restrictive. 

It has been pointed out on many occa- 
sions that the induction of such artificial 
unconsciousness is produced, in by far the 
larger percentage of instances, by the 
administration of gases and that by reason 
of this fact the anesthetist can be regarded 
as one who specializes in the use of gases, 
or as a gas therapist. The term, gas 
therapy, however, while simple and de- 
scriptive leaves much to be desired. A more 
scientific designation, including the science 
of the use of gases, is suggested in the term, 
pneumatology. (“pneumon,”’ lung, “pneu- 
matics,” air, “ology,” science). Pneuma- 
tology, pneumatologist, pneumatotherapy 
are all easily remembered. 

It is an open question whether it be 
desirable to replace a terminology, so well 
installed in the minds of the profession and 
the laity as “anesthesia” by a new 
terminology however logical and satisfying. 
The need will eventually decide the choice. 
Accepting matters as they now stand, we 
can but do our best to explain repeatedly 
and upon every possible occasion, that the 
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duty of the anesthetist is not limited to 
inducing unconsciousness. He is obligated 
as well to equip himself to return the pa- 
tient to consciousness. Recovery can no 
longer be left entirely to the patient’s vital 
processes. Knowledge and equipment must 
be constantly available to supplement 
normal reactions. When the public has 
been impressed by the fact that the anes- 
thetist is quite as capable of recovering 
consciousness as he is of destroying it, he 
may then expect to be called when an 
unconscious patient suddenly demands 
treatment. 


CAUSES OF ACCIDENTAL ASPHYXIATION 


Conditions which not infrequently cause 
accidental unconsciousness and death by 
acute or subacute asphyxiation are familiar 
to every physician and may be noted as 
follows: 

Asphyxia neonatorum occurring by pres- 
sure, maternal medication, foreign body ob- 
struction, atelectasis, and in prematurity; 

Carbon monoxide poisoning occurring 
through the progressive elimination of 
the hemoglobin by the substitution of 
carbon monoxide hemoglobin closely re- 
sembles the effects produced by progressive 
hemorrhage; 

Submersion in which unconsciousness oc- 
curs as a direct result of spasm, shock and 
foreign body obstruction; 

Allergy, either obstruction by a sudden 
glottic edema or as a cardiac depressant; 

Strangulation, a type of pure obstruction; 

Chemical poisoning in which irritant 
vapors are inhaled, producing a pulmonary 
or a glottic edema with a resultant 
anoxemia; 

Acute alcoholism, which acts as a 
respiratory depressant, a relaxant of the 
soft tissues of the airway, creating an 
unrecognized foreign body obstruction 
with or without cerebral edema; 

Electric shock, in which the circulation 
is directly affected, and in which a fatal 
result follows ventricular fibrillation; 

Terminal poliomyelitis, where the res- 
piratory act in as far as it depends upon 
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the respiratory muscles gradually fails from 
motor paralysis; 

Drug poisoning, in which the respiratory 
center progressively loses its irritability, 
and in which the increasing anoxemia from 
respiratory obstruction complete a vicious 
cycle; 

Infections of the airway, which create a 
progressive respiratory obstruction, or the 
phenomena of drowning when an abscess 
discharges into the trachea; 

Tumors, either within or without the 
respiratory airway whose presence becomes 
fatally apparent by sudden strain or change 
in position; 

Atelectasis of the newborn, where the 
ordinary pulmonary area available for 
respiration has failed to come into play, or 
where bronchial obstruction has caused 
collapse of the lung; 

Acute pulmonary involvements of an 
infectious nature, where the pulmonary 
absorbing area is reduced by edema, 
obstruction or circulatory failure. 

A Large Personnel Required. Without 
exception each of the foregoing forms of 
asphyxiation yield to treatment embodying 
the same fundamental principles. 

It also becomes clear from the foregoing 
considerations that a substantial and well 
trained personnel must be developed and 
coordinated to care for this increasing field 
of service. This is true, not only in the 
technical assistance offered by the first-aid 
groups, but by the medical personnel, as 
well. The physician is responsible for the 
training of the technician as well as for the 
supplemental scientific work which must 
follow first-aid relief. 

The first-aid groups necessarily con- 
stitute a much larger personnel than does 
the medical. It is even now very well 
organized and trained to carry out recog- 
nized procedures. The outstanding weak- 
ness in the system as it now functions is the 
lack of coordination between the technician 
and the physician, specifically trained for 
the care of the unconscious patient, namely 
the anesthetist. As one goes over the list of 
instructors and demonstrators to first-aid 
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squads, it is the exception to find an anes- 
thetist in charge. The instructor is more 
frequently an internist, a laboratory man, 
or anyone else who is sufficiently “‘com- 
munity minded” to take the responsibility 
for such instruction. These statements are 
by no means intended as a disparagement 
of the excellent work which has been 
accomplished. It is in the nature of a 
reproach to the anesthetists who should be 
actively engaged in this work. Included 
within the technical groups, which prac- 
tices gas therapy, is to be found the first-aid 
squads of the Fire Department, the Police 
Department, the utilities, and the indus- 
tries, as well as the nation wide group of 
volunteer life-savers, who are about to 
organize and to incorporate their 200,000 
members. Among these are also to be noted 
thousands of adults and children who have 
been taught first-aid resuscitation measures 
for use in emergencies. The technical group, 
standing closest to the medical profession, 
the members of which are frequently highly 
trained not only in problems of first-aid 
resuscitation, but in the technique of medi- 
cal procedures as well are the nurses who 
administer anesthetics. 

Unfortunately, other nurses untrained in 
the technical administration of anesthetics 
are, as a rule, quite ignorant of even the 
more simple first-aid measures of resuscita- 
tion. They are, of course, familiar with the 
theory of such procedure, but their practi- 
cal usefulness in an emergency is demon- 
strated rarely. 

Among graduate physicians, and in the 
dental group with the exception of those 
who have to do with the administration of 
anesthetics, little stress is laid upon acci- 
dental unconsciousness. The halo of medi- 
cal authority appears to be capable of 
supplying this deficiency. The individual 
physician may be faced with an acute 
asphyxial emergency once every two or 
three years. It is quite likely that, unless 
forwarned, he will not recognize it as such, 
if it falls into one of the less usual forms 
already mentioned. As a consequence, he 
does not regard asphyxia of sufficient 
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importance to prepare himself to meet it. 
He fails to realize that deaths from such 
causes, aggregate more than 50,000 a year, 
or twice as many deaths as those due to 
automobile accidents. Many of these deaths 
could be averted, by familiarity with 
the comparatively simple technique of 
resuscitation. 

When current medical practice becomes 
a chapter of historical medicine, our de- 
scendents will probably find nothing more 
absurd in our methods than the practice 
not infrequently indulged in by the physi- 
cian and the surgeon, of calling a fireman 
or a policeman or some other lay person to 
take charge of his desperately ill, asphyxi- 
ated patient. This absurdity reaches a 
climax when such lay groups are called 
into the operating room. 

It is conceded that the morale of the 
anesthetist has been almost extinguished 
by reason of the practice which has per- 
mitted the administration of anesthetics to 
be done by technicians. In many instances 
the medical man administering anesthetics 
is regarded as little more than a glorified 
technician, capable incidentally of carrying 
part of the medical responsibility, should 
an accident occur, and the hospital or the 
surgeon be sued for negligence. A strong 
movement is under way to “resuscitate” 
this morale. Unfortunately, it is faced by 
the apathy and the technical ignorance of 
thousands of young surgeons who were 
brought up with the assumption that anes- 
thesia was thoroughly cared for in every 
respect by the nurse-technician, employed 
by the teams with which they worked. 


ADVANTAGES OF A NEW TERMINOLOGY 


This liability assumed during these years 
by the terminology, “‘anesthesia,” is one 
of the important reasons why a new 
terminology, inclusive in its scope, is 
greatly to be desired. Such a new termi- 
nology would immediately re-orient the 
personnel, and limit the technical worker to 
his proper sphere of activity. The anes- 
thetist would be credited with the wide 
field of knowledge which he has always 
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possessed, and in many instances he would 
be called, not as an assistant, but in full 
charge of the emergency. The “pneu- 
matologist” would be familiar with the 
employment of gases for the control of pain, 
as is now practiced in anesthesia, for the 
saving of life, as it now takes place in 
resuscitation, and for the treatment of 
clinical disease by oxygen therapy using 
helium or any other vehicle which may be 
appropriate. To him would be accorded the 
direction and the instruction of the anes- 
thetic technician, the first-aid squad and 
the large group to whom so much of the 
oxygen therapy technique is now being 
delegated. In the adoption of such termi- 
nology it may be objected that anesthesia 
as it has been known, as it has been 
practiced, and in many instances as it has 
been sold, will lose “‘face.” It is felt that 
when the qualifications of the “pneu- 
matologist” becomes generally understood, 
the assistance which he is_ specifically 
trained to render, will be recognized and 
his services will be sought. 

Regardless of the terminology employed, 
the anesthetist will by the nature of his 
daily work hold the key to “pneuma- 
tology.” Techniques developed for the care 
of unconsciousness artificially induced will 
promptly become available for accidental 
unconsciousness. Many procedures em- 
ployed in resuscitation must be taught 
through the help of the anesthetized pa- 
tient. It is only by this training that the 
occasional accident can be averted. The 
organized and nation wide efforts now 
being made by anesthetists to place anes- 
thesia in its proper relationship to other 
specialities is to be supported by every 
means at our command. One of the out- 
standing figures of this movement, Dr. 
Paul M. Wood of New York City, has 
sacrificed much and has accomplished 
astonishing results by his persistence and 
spirit of cooperation. 


USE OF COMPLICATED APPARATUS 


From the foregoing it may be seen that 
the lack of general information concerning 
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the anatomical and physiological back- 
ground of asphyxia has contributed largely 
to the widespread distribution of mechani- 
cal robots for artificial respiration. A 
machine devised to operate with clock- 
like precision, which will deliver a set rate, 
rhythm and amplitude of respiration ap- 
pears to meet the ideal requirements. So 
many physicians have become satisfied to 
leave the explanation and the treatment of 
resuscitation to lay groups and individuals 
that they accept the demonstrations of the 
highly trained pressure salesman with little 
or no resistance. Owing to their unfamiliar- 
ity with the fundamental issues involved, 
they entirely overlook the fact that every 
asphyxiated patient presents a_ specific 
problem, that the conditions of this prob- 
lem vary rapidly, under treatment, or by 
merely being left alone. A theoretical rate 
and rhythm of respiration, suitable for one 
patient will serve to inhibit the slowly re- 
turning voluntary control in another pa- 
tient. A theoretical volume of oxygen gas 
blown to a patient seldom relieves such a 
patient, unless such a volume can be intro- 
duced past all obstruction to the spot where 
it will do the most good. The flooding of the 
hospital market with such devices does 
nothing but obscure the real issue of resus- 
citation. It leaves the physician, the interne 
and the technical worker complacantly 
trusting that the machine is doing the work 
for him, and that all is well. Failures of the 
machine are explained away as unavoidable 
accidents, and resuscitation which takes 
place in spite of the treatment, are referred 
to as remarkable successes. At no time is 
the operator in actual contact with the 
physiological responses of the patient. 
Such a patient either corresponds with 
the mechanism employed, or he does not 
recover. 

It is urged in this communication that 
equipment for artificial respiration be of 
the utmost simplicity and designed for a 
specific objective. It is believed that the 
purpose of artificial respiration is first to 
stimulate an absent or a depressed respira- 
tion, secondly, to follow this newly estab- 
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lished rate and rhythm, and to amplify it 
instead of attempting to lead it. For this 
reason, all equipment based upon the prin- 
ciples of the original pulmotor should be 
discarded. Such equipment offers no 
mysterious advantages. Medical literature 
of the last twenty-five years confirms this 
vew. 

Negative pressure cabinets are invalu- 
able in selected cases. Their function is to 
replace muscular action, but they must be 
employed with a full understanding of 
other respiratory requirements. They are 
not adapted to the care of sudden respira- 
tory emergencies, but are well suited to the 
maintainance of artificial respiration over 
periods of hours, days and weeks. 


INSTRUCTION OF TECHNICIANS 


The technical personnel may well be 
taught and should be intimately familiar 
with the objective to be obtained and the 
mechanical means provided to secure the 
end in view. A brief and graphic description 
of the anatomy and physiology of the respir- 
atory tract should precede all practical 
work. The mechanics of normal ventilation 
should be stressed, and the obstacles en- 
countered to this normal ventilation should 
be pointed out. Ordinary and animated 
motion pictures are invaluable for this pur- 
pose. The problem of respiratory obstruc- 
tion should be thoroughly understood. 

These preliminary considerations will 
provide a reasonable basis for the explana- 
tion and the practice of the prone pressure 
technique in the average case and the Syl- 
vester method in the exceptional case. The 
reasons for the use of oxygen in addition 
to mechanical manipulation and the addi- 
tion of CO, to this mixture for the stimula- 
tion of the respiratory center can be made 
quite plain to the ordinary layman. The 
complications offered by active reflexes and 
muscle spasm should be emphasized. 

Following a clear understanding and a 
practical working knowledge of the postur- 
al methods of artificial respiration with or 
without the use of an inhalator with its 
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oxygen and carbon dioxide, members who 
have shown themselves adept should be 
taught the use of the nasal catheter and the 
insertion of the pharyngeal airway. A nasal 
catheter of suitable size, lubricated by the 
patient’s saliva and passed into a nostril is 
much less likely to be followed by trau- 
matic after effects than is the routine prac- 
tice of attempting to separate teeth, closed 
in spasm, and the subsequent procedure of 
grasping and pulling the tongue forward. 
Oxygen blown through such a catheter 
past the base of the tongue into the open 
pharynx is a life-saving procedure. It will 
break the vicious circle of accumulating 
anoxemia and allow the patient to recover 
active reflexes and consciousness. Such an 
oxygen flow supplied by a light weight 
rubber bag will not accumulate enough 
pressure to do damage. Where ready intro- 
duction of a catheter into a nostril is pre- 
vented by a deviated septum or enlarged 
turbinates, the oral tube should be em- 
ployed. Such a tube should be of exception- 
ally heavy gauge metal in order that it may 
present a velvet edge. 

By the use of a nasal catheter, a patient 
who is breathing in even the most shallow 
manner will recover much more quickly 
than with the most vigorous postural 
manipulations. Furthermore, he may be 
immediately transported under such treat- 
ment and removed from the site of the acci- 
dent without discontinuing the insufflation 
of oxygen. 

In addition to supporting and stimulat- 
ing the respiration, the circulation should 
receive prompt attention. The patient 
should be covered with warm blankets and 
removed from exposed surroundings. The 
circulation follows the respiration very 
closely. A depressed or absent respiration 
will promptly be followed by a rapid run- 
ning, almost imperceptible pulse, except in 
the case of the occasional florid individual, 
when a rapid bounding pulse may be pres- 
ent until close to a fatal termination. On 
the other hand, a circulation depressed 
from shock by exposure will not pick up 
the oxygen made available by artificial 
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respiration, unless this should be present 
in a concentrated form. It is, therefore, 
highly important that the circulation as 
well as the respiration should receive ade- 
quate and prompt attention. 


MEDICAL CARE 


Submersion experiments on dogs con- 
ducted by Coryllos suggests a sequence of 
four stages in drowning: initial apnea from 
shock of inspired fluid, dyspnea from accu- 
mulating CO: stimulation, terminal apnea 
from respiratory center fatigue, and appar- 
ent death, in which the respiration has 
disappeared and the circulation is faint or 
imperceptible. The medical man called to 
attend a patient to be resuscitated is not 
likely to meet the patient in the first two 
stages of initial apnea and dyspnea. The 
patient will be presented to him in a state 
of terminal apnea or apparent death. 
Occasionally, those who have received 
adequate first-aid treatment in the early 
stage of terminal apnea may have recov- 
ered to such a degree when the physician 
arrives that he finds the reflexes have re- 
turned, the circulation and the respiration 
embarrassed, but not critically effected. A 
breathing patient will pick up oxygen and 
carbon dioxide offered to him by means of 
an inhaler by nasal or by oral tubes. Where 
active reflexes have returned, an inhaler is 
the best technique. On the other hand, 
should there be severe masseteric spasm, 
and mucus or vomitus in the airway, an 
inhaler will not prove as effective as a nasal 
tube combined with suction. 

In practice, it has been the custom 
to divide asphyxia into three stages: 
(1) the depressed patient who can be 
roused, (2) the unconscious patient who 
cannot be roused, with intact circula- 
tion and respiration, with or without 
muscle spasm and reflexes, and (3) the 
unconscious relaxed patient whose reflexes 
have disappeared, whose respiration has 
failed or completely disappeared, and 
whose circulation is impaired. Patients in 
the second stage through faulty treatment 
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and the development of a vicious circle 
ultimately find their way into the third 
stage. With proper treatment, they will 
pass back into the first stage and recover. 
The technician is instructed to send an 
immediate call for medical assistance when- 
ever he is faced with an unconscious patient 
who cannot be roused. 

The writer is convinced that the com- 
pletely relaxed unconscious patient pre- 
sents indications for a specific sequence of 
treatment. These indications are as definite 
and as plain as the surgical indications, 
evident in an operative case. 

First of all, the field should be exposed 
and examined, by a suitable flash light 
laryngoscope; secondly, foreign matter 
should be removed from the field by some 
form of suction, sponges on forceps, etc., 
and third, the administration of the life- 
saving gases, oxygen and carbon dioxide, 
should be introduced directly into the field 
at a position where they will be most effec- 
tive, namely within the trachea. A detailed 
consideration of this technique has ap- 
peared repeatedly in previous articles.* 
To the writer’s mind, there is no substitute 
for this technique in the emergency treat- 
ment of profound asphyxiation. The ab- 
surdity of applying a mask and attempting 
to resuscitate a patient by interrupted 
intrapharyngeal pressure, immediately be- 
comes apparent to one who has taken the 
trouble to familiarize himself with the sim- 
ple technique of intratracheal insufflation. 
In the case of acute asphyxia occurring in 
the operating room, the mere act of lifting 
the tongue by the lip of the laryngoscope 
often serves to permit the patient to re- 
cover by his own voluntary efforts. 


P. J. Intratracheal inhalation. Arch. 
Otolaryngol., 5: 394-399 (May) 1927; Intratracheal 
inhalation anaesthesia, 7: 156-164 (Feb.) 1928; The 
exposure and illumination of the pharynx and larynx 
by the general practitioner, 8: 716-717 (Dec.) 1928; 
Asphyxia in the adult and the newborn, 12: 23-30 
(July) 1930; Intratracheal inhalation anaesthesia in 
practice, 15: 844-859 (June) 1932; Art of Anaesthesia, 
Ed. 5., Phila., Lippincott Co.; P.A.D., prevent asphyxial 
death, Hyseia, 14: 32 (Jan.); 158 (Feb.); 233 (March); 
335 (April) 1936. 
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The patient may now be removed safely 
from the site of the accident as soon as he 
has received the attention of the trained 
physician. The circulation of a patient who 
has ceased to breathe may be satisfactorily 
supported for hours by the intratracheal 
insufflation of oxygen. Withan intrapharyn- 
geal or an intratracheal tube in place, the 
patient may be safely transported to the 
emergency ward of the hospital, where 
upon his recovery he can be placed in 
bed and given adequate oxygen therapy 
treatment. 

The writer’s experience indicates that 
the prevention of asphyxial death, in as 
far as a physician is concerned, turns upon 
the popularization of laryngoscopy in the 
relaxed patient. The so-called death zone 
occurring between the epiglottis and the 
glottis should become merely a historical 
memory instead of an ever present threat. 
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CONCLUSIONS 


The question of resuscitation has been 
considered from its philosophical angle 
rather than from the point of view of tech- 
nique. The natural relationship of anes- 
thesia and asphyxia has been indicated. 
The restrictive nature of the popular termi- 
nology has been questioned and a more 
inclusive term is advocated. The personnel 
necessary to the adequate application of 
resuscitation measures has been pointed 
out. The integration of this personnel under 
the direction of the anesthetist is advo- 
cated. Reference has been made to the 
technique available for the first-aid worker 
and suitable technique for the physician has 
been suggested. The conviction is stated 
that the success of resuscitation measures 
applied by physicians turns upon the popu- 
larization of laryngoscopy and the elimina- 
tion of what has been known as the “death 
zone”’ of the respiratory tract. 
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HE observations covering a period of 

seven years of more than 4800 ad- 

ministrations of avertin* by various 
methods and many combinations of sup- 
porting agents are presented. As it is still a 
relatively new agent there is much discus- 
sion of its fields of usefulness, indications, 
contraindications and value. This report 
also reviews a technique for determining 
dosage, preparation and administration 
for basal narcosis, based on 2700 cases. 

The history of avertin began in 1923 
when Willstaetter and Duisburg! dis- 
covered the white crystalline powder re- 
sulting from the yeast fermentation of 
bromal. Under a different name it was used 
by oral administration for the relief of 
whooping cough in children? but this 
method proved unsatisfactory and it was 
tried by rectum. The prolonged sleep, 
somewhat like that produced by hedonal 
was noted. In 1926 Ejichholtz’ suggested 
its use for anesthesia in clinical surgery in 
Europe. Shipway‘ and others began the 
use of avertin in England in 1928 and have 
reported large series of cases, as have 
Krieselman® in 1931, Bourne® in 1934, 
Mueller? and Wood* 1936, and Maddox 
published a book in 1931. 

When avertin first was used to produce 
narcosis the pure powder form was em- 
ployed. In order to facilitate mixing and 
to secure a more stable form of this agent, 
the powder was dissolved in amylene 
hydrate, called avertin fluid and is now 
universally used in this form, 1 c.c. of the 
fluid representing 100 mg. of tribro- 

*“Avertin”’ as used in this report refers to the com- 
mercial preparation, “‘Ethobrome”’ or “‘Avertin Fluid,” 


which is tribromethyl alcohol dissolved in amylene 
hydrate. 


methanol. At first complete anesthesia was 
sought and the drug was administered in 
dosages calculated to produce this effect. 
The experimental and clinical methods of 
administration of both the pure form and 
the fluid form were by vein, subcutaneous 
injection and rectum. The subcutaneous 
use of the agent appears to have been 
limited to laboratory experiment.? Endo- 
venous use of the drug prepared from the 
crystals gave a very unreliable anesthesia 
as regards depth and duration. The dose 
was prepared similarly to that for rectal 
use, except attention to have all parts of 
the apparatus sterile was most rigid. The 
amount necessary for endovenous anes- 
thesia is about one-third that estimated 
for rectal use.’ Results with the fluid form 
were definitely better than with the pure 
preparation, but the cumbersome appara- 
tus, the exact timing of procedures and 
the necessity for strict sterility caused 
this method of administration to be 
discontinued. 

The chemistry and 
of avertin has been reported in detail. 
Special reports of the toxic effects on the 
liver,’ heart,'4 brain,” kidneys’ and 
pancreas” have been presented. It should 
be noted that the depression of the respira- 
tory center observed with the use of avertin 
crystals is less when avertin fluid is used. 
Amylene hydrate solvent of the latter 
preparation is a central stimulant. This 
may account for different actions reported 
by early observers using the crystalline 
form of the drug. 

Avertin was used alone for both surgical 
and medical purposes as in the treatment 
of strychnine poisoning," angina” and 
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tetanus.”!:22 Many minor procedures could 
be satisfactorily performed, as the removal 
of warts, lipoma, small cysts and even 
amputation of digits, and as complete 
anesthesia for the surgical procedure of 
esophagoscopy and dilatation of congenital 
stricture. The following case illustrates 
the successful use of avertin in such a 
surgical procedure. 


Case 1. J. L., male, aged thirty years, 
single, clerk, six feet height, 129 pounds on 
July 6, 1934. Physical examination was nega- 
tive except for a slight “tobacco” cough and 
the surgical condition of congenital stricture 
of the esophagus. His history was negative. 
The operation proposed was esophagoscopy 
and dilatation of the stricture under avertin for 
complete anesthesia. Preanesthesia findings 
were a blood pressure 118/60, temperature 
98.6° pulse rate 80 and respiration 20; mental 
attitude was alert, calm and cooperative. 
Preliminary medication was magendie solution 
m. 5, and scopolamine gr. 1459, by hypodermic 
injection at 11:40 A.M. At 12 noon 4.7 c.c. of 
avertin fluid was mixed and administered, 
which is an 80 mgm. per K. dose given in 2.5 per 
cent dilution with tap water by rectum. Sleep 
began at 12.08; he was moved to the carriage 
and taken to the operating room at 12.25. 
The intended operation was completed in an 
entirely satisfactory manner from 12:50 to 
1:15 P.M. 

During the following two years this patient 
has had repeated administrations of avertin. 
The second administration was similar to the 
first but was not sufficient for the entire pro- 
cedure although the dose was regulated for the 
increased weight of 134 pounds. The operative 
work lasted nineteen minutes, but it was 
necessary to use intranasal nitrous oxide-oxygen 
the last five minutes. For the next administra- 
tion the amount was increased to 85 mgm. per 
K. dose. The patient arrived in the operating 
room conscious but was easily controlled with 
a few inhalations of nitrous oxide-oxygen for 
three minutes. The operative time was fourteen 
minutes. On his next admission the dose was 
estimated at 100 mgm. per K. No preliminary 
hypodermic was given. Nitrous oxide-oxygen 
and ether had to be used throughout the entire 
procedure. On September 13 he received 


hypodermically morphine 14 gr. with scopo- 
lamine 499 gr. at 11:30 A.M. His weight was 
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now 142 pounds. A 125 mgm. per K. dose of 
avertin was prepared as before. The increase 
here was due tothe report of another anesthetist 
that two weeks previously this preparation 
with a 100 mgm. dose was only partly satis- 
factory. This time there was perfect anesthesia. 
It has been necessary to increase the mgm. per 
K. dose with each subsequent anesthetization. 

The patient is in the best of health at the 
time this report is being prepared, (August, 
1936) weighs about 180 pounds and requires 
nearly 180 mgm. per K. with a hypodermic of 
morphine sulphate gr. 14 and atropine sulphate 
gr. 1499 given one and one-half hours prior to 
operative procedure. The avertin is adminis- 
tered about thirty minutes before operation, 
but the last two times the anesthesia had to be 
supplemented with nitrous oxide-oxygen-ether 
and once with cyclopropane oxygen. 

This case illustrates the use of avertin for 
complete anesthesia. It also shows a develop- 
ment of tolerance for avertin as reported by 
others. In all the administrations there was no 
untoward finding except following the third 
operation. The patient was able to eat thick- 
ened soups for the first time in many months. 
He reported a slight colitis with definite 
abdominal distention and “cramps” on the 
third postoperative day, which disappeared 
within a few hours. The family physician and 
surgeon agreed with the anesthetist that the 
colitis was not referable to the rectal use of 
avertin. The first time he was treated was the 
only occasion when the patient remained in the 
hospital for more than one postoperative day. 


Another interesting case illustrates the 
use of avertin in extensive dressings and 
also shows avertin tolerance. 


Case u. J. M., a male youth, twelve to 
thirteen years, emaciated, pale, alert, coopera- 
tive and recovering from osteomyelitis had 
multiple dressings, nine in all, and two very 
extensive, which required almost an hour to 
change twice a week. This boy began on a 
rectal dose of 80 mg. per K. His general con- 
dition improved slowly but steadily. His 
dose was kept level with the weight increase 
for two or three dressings and then it would 
be necessary to repeat the administration using 
one-fifth of the original amount in addition 
or use gas or ether as the effect did not hold 
through the long dressing. The doses were then 
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regularly increased in amount and for many 
months this procedure was followed until the 
patient was sent to a convalescent camp at 
which time his avertin requirement for forty- 
five minute dressing was almost 225 mgm per 
K. Occasionally he would have slight nausea 
and vomiting after awakening. Usually there 
was no “after effect.” Rarely there was a mild 
postanesthetic headache. 


These 2 cases show that avertin may be 
repeated many times without producing 
harmful effects. 

In a third type of case favorable use has 
been made of avertin in the treatment of 
alcoholic delirium. 


Case 11. T. W., a male, thirty-two years 
old, lawyer, single, overworked and “keeping 
up” on alcohol came into the hospital for 
appendectomy. After an easy and successful 
operation under routine preliminary medication 
of morphine sulphate gr. 1g with atropine 
sulphate gr. 1450 given one and one-half hours 
before operation, followed by a dose of avertin 
about 74 mgm. per K. supplemented during 
the operation by cyclopropane oxygen and 
6 c.c. of ether, he reacted normally for about 
six hours. His weight was 165 pounds. He began 
to be more than usually nervous and irritable, 
then definitely began to have delirium. Avertin 
80 mgm. per K. was given rectally with a 
subsequent sleep of five hours. On awakening 
from this sleep he passed a normal day but the 
next evening had a recurrence of his tremors 
and delirium. Again a similar dose of 80 mgm. 
per K. was used and the patient made an 
uneventful and complete recovery. 


In the early work with this new agent 
the greatest care was taken to follow exactly 
the manufacturer’s instructions as to 
dosage and preparation. Experience at 
first was not alarming and the series grew 
till more than 300 had been completed. 
Increasingly favorable reports from labora- 
tories and individuals as to the new uses 
and relative safety of this agent were made, 
even in the doses then generally accepted. 
These were from 100 to 150 mgm. per kilo. 
Still in the operating room and the recovery 
rooms of hospitals, patients too often 
needed stimulation or resuscitation. Soon 
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thereafter came the general use of the 
“‘basal”’ dose of avertin by rectal adminis- 
tration. In some patients the estimated 
basal dose proved to be a complete 
anesthetic dose. In very rare cases it did 
not suffice to produce any anesthesia or 
only to the excitement stage. 

Avertin is destroyed in the liver and 
excreted by the kidneys in much larger 
doses than are required for basal anes- 
thesias. In suspected cases of renal or 
hepatic dysfunction it is wise to avoid the 
use of avertin. This is emphasized in spite 
of the fact that numerous cases of such 
proved lesions have been anesthetized with 
avertin and have appeared to make normal 
recovery. This is believed to be merely a 
fortunate coincidence rather than a routine 
finding. A review of the cases in which 
some untoward symptoms did develop, 
about 20 in all, a large number showed 
findings of some liver pathology on taking 
a more careful history. The recent investi- 
gations of liver death by Boyce and others”* 
may give the clue to some of the unex- 
pected postanesthetic findings, in the use 
of avertin. 

Avertin has a depressing action on the 
respiratory center but does not increase 
intracranial pressure, an effect of most 
drugs which are central depressants. With 
avertin a quiet patient and a relatively dry 
field make it a satisfactory agent in brain 
surgery. Avertin in thyroid surgery** has 
been very satisfactory. Under avertin 
basal narcosis many patients can be safely 
and comfortably operated on who previ- 
ously had arrived at the operating room 
in such a state of excitement with tachy- 
cardia that the operation had to be post- 
poned. Dental® and tonsil?® operations 
have been carried out with great comfort 
to both the operator and the patient in the 
presence of this basal anesthesia. When 
avertin is administered for dental or tonsil 
operations preliminary hypodermic injec- 
tion of morphine and atropine has not been 
used in this series in order to facilitate 
rapid recovery. The possibility of aspira- 
tion of blood or mucus in these cases, and 
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the complaint of lack of phonation in 
thyroid surgery may in great part be over- 
come. Avertin anesthesia is less con- 
trollable than inhalation types, but with 
the modern knowledge of carbon dioxide- 
oxygen, and analeptics as coramine, metra- 
zol, picrotoxin and intravenous infusions 
of glucose, it becomes almost a reversible 
process.® 

Another field of usefulness is in vaginal 
or rectal operations. The objection that 
the operating field is often soiled, may be 
overcome by administration of a smaller 
quantity of slightly higher concentration 
of the avertin, which has been found to be 
non-irritating In 3 to 3.5 per cent solution, 
and by properly timing the instillation— 
at least forty-five minutes before the 
operation. In some instances the rectum 
has been flushed out after the patient is 
asleep, but this is not essential for the small 
amount of the injection is almost entirely 
absorbed during the half hour following 
instillation. 

One of the most exacting fields in 
surgery, cataract operation, has been made 
easier for the surgeon and patient”’ by the 
use of local anesthesia in combination with 
avertin basal anesthesia. The lack of 
nausea and vomiting and the quiet easy 
awakening in most cases is of great benefit 
here. The use of avertin alone for this 
operation was not successful on several 
trials, but the addition of local anesthesia 
eliminated all difficulty. In both normal 
and operative obstetrical procedures, aver- 
tin has given varying results. Tannen- 
baum® reported 75 cases in which both 
endovenous and rectal administration was 
used but it was discontinued as relatively 
unsatisfactory. Endovenous administra- 
tion was complicated, and rectal instillation 
could not be given at the most desirable 
time, as the technique for determining the 
best indication for beginning the basal 
anesthesia was not developed. Therefore 
some patients had too little relief and a few 
were over-narcotized. In observing his 
series it is important to note that the 
infants did not need resuscitation, a fear 
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because no other preliminary medication 


had been used. 


Fic. 1. Mixing flask; graduated test tube; 40°c 
special thermometer. (Wood. J. A. M. A., 106: 
276 [Jan. 25] 1936.) 


In all types of operations including 
obstetrical procedures, avertin basal anes- 
thesia has been successfully supplemented 
by most of the recognized anesthetic 
agents singly or in combination. The list 
includes ether, nitrous oxide, ethylene, 
cyclopropane and a few extremely excep- 
tional cases in which chloroform was used. 
Local and spinal anesthetic agents also 
have been combined for avertin basal 
narcosis. 

Avertin is a potent agent even in very 
small amounts. There is a wide margin of 
safety but carelessness in the measuring of 
single drops may make a noticeable differ- 
ence. For teaching or clinical work exact 
readings are most important. This applies 
to both the amount of the avertin fluid 
used in the mixture and to the adjustment 
of the temperature of the water. The 
question of using ordinary tap water or 
distilled water has been settled in this series 
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of 2700 cases by a constant finding that 
tap water was satisfactory except in 3 
instances. In these cases chemicals used 
in cleaning a boiler and joints of new pipes 
may have produced a chemical change in 
the tested solution. Every dose must be 
tested with Congo Red whether mixed 
with distilled or tap water. Tap water is 
suggested as it is heated or readily adjusted 
to the correct temperature. Where the 
source of the tap water and the use of 
chemical purificants are known there is 
reasonable safety in this departure from 
the manufacturers’ published technique. 
Shipway stated that patients would be 
under- or overdosed by any standard table. 
This is true individually, but on an empiric 
clinical study of a large series it was found 
that a standard table could be established 
from which the anesthetist must use 
practical judgment in special cases. 

The use of a definite scale based on 
weight as advocated by the manufacturer 
does not take into account age, sthenicity, 
circulatory stability, metabolism and emo- 
tional variation. The scale here proposed 
was presented a year ago, and has been 
subjected to one or two minor changes to 
be explained in detail. The original scale 
was developed from a graph of 1200 cases 
and this present report considers it in the 
light of 1600 additional administrations. 
There are three scales in metric proportions 
etched into the mixing flask of the avertin 
apparatus (Fig. 1). The legend, “80 mgm. 
basis” etched into the bottle, has caused 
considerable confusion. It does not mean 
that the amounts of avertin fluid used 
for the various weights is uniformly 
80 mgm. per kilo of body weight. The 
scale etched on the bottle is derived from 
a curve, the highest point of which 
80 mgm. per Kilo and the lowest 46 mgm. 
per kilo (Fig. 2). The weight table etched 
in the left hand column is converted from 
kilos to actual pounds of body weight. 
The corresponding units of avertin fluid 
in cubic centimeters etched in the centre 
column of the bottle is based on the 
adjusted scale in such a way that the 
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higher actual weight, the smaller milligram 
dose per pound is given. The third table 
etched in the flask shows the actual num- 
ber of cubic centimeters of water at any 
given level. It is on the right side of the 
tables and is only to be used when the 
technique here described is not to be 
followed. 

The weight scale showing actual pounds 
of body weight must be adjusted for age, 
metabolism and other factors previously 
noted. The adjustment is made in the 
amount of avertin fluid used in the mixture 
rather than on the pounds of body weight. 
For young persons, under ten years whose 
metabolic rate is relatively high, also for 
singers, alcoholics, athletes and hyper- 
thyroids, the total amount of avertin 
indicated at the actual weight level 
increased by one-tenth of the total amount 
of avertin indicated. It is not necessary to 
change the water level as this increase 
produces a concentration of 2.88 per cent 
instead of a 2.5 per cent solution. It has 
been found that concentrations as high as 
3.5 per cent are non-irritating. 

The second adjustment is for ages above 
fifty years. When one-tenth of the total 
dose of avertin fluid indicated has been 
deducted for each five years over fifty, 
satisfactory basal narcosis has followed 
unless the water level is adjusted but has 
proved satisfactory in this series of 2700 
cases. In no patient, regardless of weight 
from 220 pounds and over, have we found 
it necessary to use more than 6.6 c.c. of 
avertin fluid to produce the desired basal 
narcosis. The basal narcosis sought by 
this technique is that amount of sedation 
which will permit the introduction of a 
pharyngeal airway without causing reflex 
or awakening the patient. Proof that the 
narcosis is actually light is obtained by 
manipulation of the airway against the 
walls of the pharynx which in most of these 
cases will produce gagging, coughing or 
awakening of the patient. 

The final departure from the manu- 
facturer’s instructions for administration 
is the element of time. It has been observed 
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in the relatively normal patients, (whose 
systolic blood pressures are over 100 mm. 
Hg. and under 160), that they may receive 
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held at 26 F. catheter length held above 
the rectum. For the patients whose blood 
pressures are below 100 or above 160, a 
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Fic. 2. Graph of authors’ dosage compared with manufacturers’ standard dosage; new table of dosage to be 


the instillation of the total avertin dose 
as rapidly as it will flow from the flask 


etched on mixing flasks. 
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slow instillation requiring approximately 
ten minutes has been found advisable. 
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When this technique is followed the drop _ therefore preferred to other lubricants. The 
in blood pressure in our series has not been rate of injection is only as fast as the liquid 
greater than 23 mm. of mercury. will flow by gravity, the time consumed 


Fic. 3. Avertin apparatus. (Wood. J. A. M. A., 106: 275 
[Jan. 25] 1936.) 


TECHNIQUE USING AVERTIN APPARATUS 


Tap water is run into the flask up to the 
line indicated by the patient’s actual 
weight in the left scale..The temperature 
of the water is then adjusted to exactly 
40°c. On the center table is then read the 
number of cubic centimeters of avertin 
for the patient’s “relative” weight. This 
amount Is measured into the test tube and 
poured into the flask. It is necessary to 
add 0.2 c.c. of avertin fluid more than the 
indicated amount, as this amount adheres 
to the test tube. Three drops of congo red 
solution is added directly to the mixture 
in the flask, the cork stopper inserted, the 
delivery tube closed by catching it in the 
wire hook on the neck of the flask which is 
vigorously shaken two to ten seconds. 
This is necessary to produce a perfect 
mixture. The mixture will now be a milky 
pink and will be under slight pressure. The 
tip of the rectal tube is anointed with petro- 
latum and inserted into the rectum only 
far enough to permit free flow of the fluid. 
Petrolatum although a lubricant, is suffi- 
ciently sticky to prevent expulsion of the 
rectal tube by a nervous patient and is 


being usually less than ninety seconds. 
Should a fecal plug obstruct the flow, the 
flask is again stoppered and vigorously 
shaken. Owing to the expansion of the 
warmed alcohol in the closed container 
sufficient pressure is developed to expel the 
plug. Avertin should not be injected under 
pressure except in obstetric cases in which 
the normal flow may be obstructed by the 
natural processes. 

The use of avertin in detail is as follows: 

1. A cleansing enema is administered the 
night before the operation; no enema the 
morning of the operation. A mild sedative 
may be used the night before operation. 

2. One and one-half hours before the 
operation is scheduled, morphine sulfate 
lg gr. (0.01 Gm.) with atropine ‘sulfate 
\i50 gr. (0.0004 Gm.) is administered by 
hypodermic. 

3. From thirty to forty-five minutes be- 
fore the operation, avertin is administered 
by the technique described. 

4. The patient should remain quiet in a 
darkened room for twenty minutes after 
the instillation of the avertin. 
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5. Immediately on return to bed, all 
patients having received this combination 
of basal narcosis and other anesthetic agent 
are given a hypodermic injection of 2 to 
3 c.c. of a 25 per cent aqueous solution of 
pyridine-beta carbonic acid diethylamide 
(coramine). This is{a routine procedure 
which has proved valuable as a prophylaxis 
against postanesthetic respiratory and car- 
diac depression occasionally seen prior to 
our use of this drug. 


CONCLUSIONS 


1. Avertin should be given by rectal 
installation for basal narcosis. 

2. Avertin may be given in larger doses 
than for basal anesthesia for the control of 
certain specific conditions as tetanus, con- 
vulsions, delirium tremens, minor surgical 
procedures and dressings. It is especially 
indicated in certain types of surgery of the 
brain, thyroid and eye. 

3. Avertin is contraindicated in all cases 
presenting renal or hepatic insufficiency 
that are classified other than mild. 

4. A practical table and technique for 
the mixing and administering of avertin 
in a series of 2700 cases has been presented. 
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MORTALITY OF SPINAL ANALGESIA 
BASED ON AN ANALYSIS OF 30 IMMEDIATE FATALITIES IN A SERIES OF 33,811 CASES* 


J. Ross VEAL, M.D., F.A.C.S. AND BENJAMIN DEKALB VAN WERDEN, M.D. 


NEW ORLEANS, LA. 


HE story of spinal analgesia in 

American surgery begins in Novem- 

ber, 1899, in the New Orleans Charity 
Hospital, with the unsuccessful attempt of 
Rudolph Matas to produce it by the use of 
eucaine B. A month later, Matas repeated 
the attempt using cocaine. This time he 
succeeded, almost too well, for the anal- 
gesia not only affected the lower extrem- 
ities but also extended above the waist into 
the face and neck. He performed a hemor- 
rhoidectomy with perfect ease, and his 
report of it a year later in the Philadelphia 
Medical Record, is, as he points out in a 
comprehensive paper on local and regional 
anesthesia, the first published record in 
America of an operation under spinal 
analgesia. His performance antedated by 
only a few days, he continues, a similar 
case reported by John B. Murphy of 
Chicago. 

Matas’ further experiences are interest- 
ing and illuminating in the light of the 
after history of this anesthetic agent. In no 
other case did the analgesia rise above the 
second lumbar vertebra, but in all suc- 
ceeding cases, as in the first one, the usual 
reaction followed, chills, headaches, vomit- 
ing and pyrexia. The analgesia was so 
admirable, however, that he continued to 
use the method and he was on the point of 
reporting his first 50 cases with it when he 
was halted by three untoward happenings, 
a respiratory collapse that just escaped a 
fatal outcome, a hyperpyrexia of 104°F., 
and an intense rachialgia and headache 
that persisted for months. These accidents, 
as he writes, not only postponed the report 
but “‘made me realize that the dangers of 
spinal anesthesia with cocaine could not 
possibly be compensated by the simplicity 


of the technique nor the effectiveness of the 
anesthesia.” In 1905-1906, after the intro- 
duction of novocaine by Braun, he resumed 
its use, but always tentatively, never again 
to exceed the limits of the twelfth dorsal 
or the first lumbar space, and always with 
strict regard for its indications and limi- 
tations. So carefully did he employ the 
method that in 1927, when he resigned his 
active connection with Charity Hospital, 
he had used it, he reports, in only 232 oper- 
ations, including the cases in his private 
practice. 

In decided contrast to the limited and 
cautious use of this method by the man who 
was the first to employ it there, spinal 
analgesia is now used in the New Orleans 
Charity Hospital more extensively and 
probably more frequently than at any 
other institution in America. In 1926 
Graffagnino was able to report 7322 in- 
stances of its use, and in the eleven and a 
half years which this present study covers 
it has been used in 33,811 cases. In 1925, 
1165 operations were done under spinal 
analgesia. The present average is about 
5000, which represents approximately 50 
per cent of all the general surgical cases, 
and its use is now routine or almost routine 
on many services. 

The routine use of any anesthetic agent 
immediately suggests certain generaliza- 
tions which verge on the critical, it is true, 
but which are none the less entirely fair. 
In the first place, under such circumstances 
there is obviously little if any individuali- 
zation of cases; the patient and his needs, 
his disease and its necessities, are almost 
automatically subordinated to the routine 
of the service. In the second place, the 
routine use of any method almost inevi- 


* From the Departments of Surgery of the School of Medicine of Louisiana State University, and Charity Hospital 
in New Orleans. 
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tably makes for indifference if not for 
actual carelessness. An interne, inexperi- 
enced and untrained, at first is permitted, 
and shortly is expected to administer the 
anesthesia, and it is but natural that he 
should with equal promptness lose most if 
not all of his respect for its risks. The sur- 
geon, furthermore, because the anesthesia 
is usually so satisfactory, tends to forget 
the state of the patient, even when that 
state happens to be precarious, and there 
is, unfortunately, seldom any systematic 
observation of his condition by a person 
who has that responsibility and no other 
in the operating room. In the third place, 
the routine use of any anesthetic agent is 
likely to result in a relaxation, if not in an 
entire disregard, of the postoperative pre- 
cautions that contribute so largely to its 
safety. Finally, the surgeon and his assist- 
ants, as their skill and experience with it 
increase, are more and more likely to 
forget that they are dealing with an agent 
which, when once administered, cannot be 
withdrawn, and the untoward effects of 
which when once they have manifested 
themselves, can be combatted only by 
measures which are entirely symptomatic 
and often ineffective. These criticisms are 
perfectly fair when spinal analgesia is used 
routinely, and the fact that only a small 
proportion of cases terminate fatally does 
not in the least detract from their appli- 
cation to all cases. 

The total mortality of spinal analgesia is 
very difficult to estimate. In a fair propor- 
tion of all cases there is a delayed hospital 
mortality; in another group this type of 
anesthesia is responsible for only part of 
the fatal outcome; in a small proportion 
of cases there is a remote mortality. These 
considerations, however, we have chosen to 
disregard and in this study we are con- 
fining ourselves to the direct, immediate 
mortality of spinal analgesia, which is 
represented by 30 fatalities in the 33,811 
cases in which it was used in the New 
Orleans Charity Hospital between January 
I, 1925, and July 1, 1936. All of these 


deaths occurred in the operating room, 
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immediately or shortly after the anesthetic 
had been administered, and there can be no 
question as to the responsibility of the 
mode of anesthesia for the fatality which 
followed its use. 

We note, first, a marked difference in the 
mortality rates for the first five years of 
this study as compared with the last six 
and a half years. In the first period, which 
ended in 1929, there were 3940 spinal 
analgesias with 6 deaths, or 1 in every 656 
cases. In the second period, which ended 
July 1, 1936, there were 29,871 spinal 
analgesias with 24 deaths, or I in every 
1244 cases, one-half the mortality of the 
first period. The standardization of tech- 
nique and the use of less toxic agents, 
chiefly novocaine, are responsible for the 
decrease. It is partly explained, too, by 
North’s pertinent comment that the mor- 
tality of spinal analgesia does not really 
represent its risk, but represents, rather, 
the acquisition of experience, and as such 
approximates the risk still assumed by the 
average surgeon whose training is satis- 
factory but the number of whose cases is 
relatively small. 

We have always felt strongly that spinal 
analgesia is not a method to be employed 
on very young children, and we feel even 
more strongly that it should not be em- 
ployed on aged subjects. This study con- 
firms that point of view. In the 30 deaths 
the age range was between seven and eighty 
years, but 9, or very nearly one-third of the 
total number, occurred in persons above 
sixty years of age, although surgery is done 
infrequently at this time as compared to 
its performance in younger subjects. 

The sex incidence, 18 males to 12 females, 
needs no extended discussion, but the 
racial incidence introduces different con- 
siderations. The proportion of Negro to 
white hospital admissions varies with the 
years, but the average is approximately 45 
Negro to 55 white admissions. It seems 
more than accident, then, that 21 of the 
30 deaths, or more than two-thirds, oc- 
curred in Negro patients. There are several 
possible explanations. The Negro is very 
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often a poor surgical risk; his tendency is 
to ignore “inaugural symptoms”; his mode 
of life is unhygienic and frequently he is 
the subject of advanced organic disease, 
particularly of the cardiovascular variety. 
Whatever the reason may be, he is ob- 
viously a less good risk for spinal analgesia 
than is the white patient. 

All but 4 of the 30 deaths occurred with 
the use of novocaine. Two of the 4 occurred 
with tutocaine (1.5 grains each) and 2 with 
apothesine (65 and 120 mg., respectively). 
In the novocaine group 5 deaths occurred 
with doses above 150 mg. (2 with 180 mg., 
2 with 200 mg. and the other with 300 mg.), 
and it is clear that the risk increases with 
the size of the dose. On the other hand, in 
21 cases the dosage was 150 mg. or less, 
which is not an excessive or even a par- 
ticularly large dose. There is still no 
method of determining before the catas- 
trophe the tolerance of the individual 
organism to cocaine and its derivatives, 
and until this point can be determined, 
there seems no doubt that certain fatalities 
will continue to occur as the result of a dose 
not excessive in itself but apparently too 
large for the particular individual to whom 
it is administered. 

Individual tolerance to dosage may still 
be a matter of conjecture, but it is always 
a fairly simple matter to evaluate the 
individual patient as a surgical risk. Cer- 
tain individuals, because of the inherent 
seriousness of their local disease, or be- 
cause of its advanced state, or because of 
their associated constitutional diseases, or 
for all three reasons, are poor risks for any 
sort of anesthesia. These circumstances are 
all exhibited in the fatalities we are 
studying. 

Eighteen of the 30 deaths, as the ap- 
pended chart shows, occurred in abdominal 
conditions which were intrinsically serious 
and most of which were rather far advanced 
(intestinal obstruction, peritonitis, gun- 
shot wounds, in which hemorrhage is an 
additional factor of risk, and amebic 
abscess of the liver). Three others occurred 
in patients who had serious diseases and in 
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whom operation was serious but who were 
not necessarily poor risks for that reason 
(cholecystitis, carcinoma of the stomach 
and gastroenteritis with ileus). An oper- 
ation for popliteal aneurysm is always one 
of considerable magnitude, particularly 
when, as in this case, hypertension intro- 
duces an additional risk. Patients with 
prostatic hypertrophy and carcinoma of the 
urinary bladder often are poor risks at 
Charity Hospital because they frequently 
exhibit an advanced type of pathology. A 
patient with urethral stricture associated 
with extravasation of urine is always in 
poor condition. It is clear, then, that most 
of these deaths occurred in persons who 
were poor or doubtful risks and some of 
whom had associated conditions which 
added to the gravity of their state. 

The 3 patients with uterine fibroids de- 
serve special mention. They were all Negro 
women; 2 were thirty-one and one was 
thirty-four years of age. They were all pre- 
sumably good surgical risks, though 
whether they were good risks for spinal 
analgesia is another matter; it must be 
remembered that uterine fibroids of any 
special size always introduce an element of 
risk because of the sudden change of intra- 
abdominal pressure which follows their 
removal. We have seen experienced gyne- 
cologists in this institution take half an 
hour or longer to suction out the contents 
of a large ovarian cyst in order to avoid 
this very risk, a precaution that is im- 
possible, of course, with solid tumors. 
North comments on this danger, men- 
tioning his own experiences in a case of 
ascites and another of ovarian cyst, and 
citing, too, the “birth shock” described 
by certain German authors as due to this 
cause. His point is well taken, that the 
compensatory circulatory changes which 
are necessary under such circumstances 
may not be possible under the handicap of 
spinal analgesia. 

It should be noted, too, that one of the 
patients with uterine fibroids was obese, 
as were several other patients in the group 
of deaths. The obese patient should be 
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viewed with respect as a candidate for all 
surgery, and the difficulties and dangers of 
hysterectomy in a short, stout Negro 
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fully it is given or how good the risk may 
seem to be. But it is equally fair to say that 
the indiscriminate, routine use of any type 


30 DEATHS FROM SPINAL ANALGESIA 


Diagnosis 


Obesity | Hypertension | Hypotension | Hemorrhage 


Intestinal 
Gunshot wounds of abdomen................ 
Chronic cholecystitis. 
Amebic abscess of 
Gastroenteritis and ileus.................... 
Carcinoma of urinary bladder................ 
Urethral stricture and urinary extravasation... 
Carcinoma of 
Hypertrophy of prostate.................... 
Total 
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woman with a deep pelvis can be fully 
appreciated only by those who have per- 
formed the operation under such circum- 
stances. In 2 instances the dosage of 
novocaine was 200 mg., which is high 
though not excessive. Another of these 
patients suffered from hypotension, which 
would make her, in our opinion, a doubtful 
candidate for spinal analgesia. 

Any abnormality of the blood pressure, 
whether of the hypotensive or the hyper- 
tensive variety, introduces an element of 
risk in a type of anesthesia with which a 
sudden, sharp fall in blood pressure is 
likely to be associated. The very fact, says 
Matas, that various types of vasostimu- 
lants must still be administered simul- 
taneously with the spinal injection is the 
best proof that bulbar paresis and arterial 
hypotension still remain as potential and 
unpredictable dangers. Potential and un- 
predictable the danger may be in the 
normal patient, but the danger is obvious 
in the abnormal one, and the surgeon who 
uses spinal analgesia in patients with hypo- 
tension and hypertension is courting dis- 
aster for them and for himself. 

It is an admitted fact that every variety 
of anesthesia will result in an occasional 
unexpected fatality, no matter how care- 


of anesthetic agent will result in consider- 
ably more than the occasional, apparently 
inevitable death. Spinal analgesia is easily 
administered and rapidly effective, and 
many times its contraindications can be 
ignored with impunity. But frequently 
they cannot be, and every surgeon who 
uses it ought to bear in mind that he is 
dealing with an agent which, when once 
given, cannot be withdrawn. His own time 
and convenience, which too often are the 
chief indications for Its use, can scarcely 
be set against the risk to human life which 
spinal analgesia always entails when it is 
used in cases in which contraindications 
exist. 

Various studies have proved that the 
method is contraindicated in abnormalities 
of the blood pressure, both of the hyper- 
tensive and the hypotensive variety, in 
obese patients and it should be used with 
extreme caution in acute abdominal dis- 
ease which has progressed to the point in 
which toxemia and shock, both vasode- 
pressant states, enter the picture. It is 
obviously unsuited for surgery in young 
children, and these figures show that it is 
even more definitely unsuited for surgery 
in aged subjects. The fact that the mor- 
tality from spinal analgesia in these 33,811 
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cases was only a fraction of 1 per cent is 
not the point at issue, but that a more 
careful selection of cases will reduce that 
mortality still further, so that the mortality 
of spinal analgesia will more closely ap- 
proximate the rate of inhalation anesthesia. 

Matas wisely concludes his discussion of 
this subject in these words: 


As long as we are dealing with a method that 
is capable of blocking the most vital conducting 
functions of the cord and medulla, which 
differs from all other neuroregional blocks by 
its liability to widespread and uncontrolled 
diffusion from the primary seat of injection, 
we should confine its use to the special indica- 
tions and limits which a large and growing 
experience has demonstrated to be relatively 
safe. . . . Personally I regard spinal anesthesia 
as the supreme attainment of regional anes- 
thesia, but I do object to the routine, in- 
discriminate and wholesale use to which it 
has been put in many quarters. 
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SUMMARY 


A study of the mortality of spinal anal- 
gesia at Charity Hospital in New Orleans 
over a eleven and a half year period, is 
presented. The analysis includes 33,811 
cases in which spinal analgesia was used. 
This study is primarily concerned with the 
fatal cases in this series. 

The contraindications for the use of 
spinal analgesia are discussed. 
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A NEW APPARATUS FOR ARTIFICIAL RESPIRATION 
SOME COMMENTS 


WILLIAM BRANOWER, M.D. 


Mt, Sinai Hospital 


NEW YORK 


HEN is a person dead? The answer 

of one physiologist was “‘When it 

can be definitely proved that he is 
not alive.” The burden of proof is on the 
side of life, and that proof cannot always be 
so readily established. The great tenacity 
to life of individual cells and organs of the 
body has been demonstrated in the labora- 
tory. The physiological experiment in 
which the excised heart of an animal is 
stimulated to beat for some time is well 
known. It has often been noted that the 
heart of a patient will continue to beat for 
several minutes after respirations have 
ceased. In all cases of asphyxia, therefore, 
it should be assumed that life still exists 
when all evidence seems to point to the 
contrary. Adequate measures must be 
instituted to revitalize, if possible, the all 
but completely paralyzed respiratory, car- 
diac and other vital centers. 

Artificial respiration is one of the most 
effective measures of resuscitation. To 
demonstrate the effect of artificial respira- 
tion on the failing heart due to asphyxia, 
the writer performed the following experi- 
ment upon a living dog under anesthesia. 
The sternum and part of the ribs were 
resected, exposing the heart and lungs. 
The double pneumothorax thus created 
tended to collapse both lungs. Artificial 
respiration was then established. The 
respiratory excursions of the lungs and the 
active heart beats were visible. Artificial 
respiration was then interrupted to permit 
the lungs to collapse for periods ranging 
from five to eight minutes. The heart which 
at first was beating vigorously and rhyth- 
mically was then observed to be gradually 
failing. At the end of the eight minute 
period during which the lungs were almost 
completely collapsed, the heart was still 


contracting feebly from time to time. 
When artificial respiration was reestab- 
lished, the full inflation and deflation of the 
lungs revitalized and stimulated the heart 
to resume its normal forceful contractions. 
A motion picture of this experiment is on 
record. 

Success or failure to resuscitate a victim 
of asphyxia depends upon the degree of 
asphyxia and the technique employed. The 
degree of asphyxia is proportionate to the 
potency of the asphyxial agent and to 
the extent of the trauma which that agent 
inflicts upon the brain, the respiratory, 
cardiac and other vital centers. 

Effective artificial respiration depends in 
great measure on the technique employed 
to ventilate the lungs successfully. The 
questions arise: What volumes of resuscita- 
tive gases and what intrapulmonary pres- 
sures are essential, and how do some of the 
measures and apparatus employed for 
artificial respiration meet the requirements 
for effective ventilation of the lungs? 

Under normal conditions there is an 
exchange in the average adult of approxi- 
mately 500 c.c. of air during each respira- 
tion. This tidal volume of air can be 
augmented threefold by a voluntary deep 
inspiration, 1.e., by 1500 c.c. of comple- 
mentary air. By a voluntary forced expira- 
tion after a normal quiet inspiration, a 
supplemental volume of 1500 c.c. of air can 
be exhaled. The vital capacity of the 
average adult lungs is therefore about 
3500 c.c. The full lung capacity includes 
the stationary volume of air of about 2000 
c.c. or a total of about 5500 c.c. These 
figures indicate the large volumes of air ex- 
changed during voluntary deep breathing. 

In extreme cases of asphyxia, with 
respirations at a standstill and the vital 
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centers in the medulla almost completely 
paralyzed, insufflation of small volumes un- 
der low pressures may not suffice to inaugu- 
rate that chain of stimuli which motivates 
the respiratory mechanism. Bolder methods 
must be employed. Two or even three 
times the normal tidal volume may be 
necessary and may be insufflated without 
danger. 

The intrapulmonary pressure, which 
normally varies from approximately minus 
3 mm. of mercury at the end of a quiet 
inspiration to approximately plus 3 at the 
end of a quiet expiration, may be raised 
with these extra volumes to as much as 
plus 20 mm. or more of mercury. 

The prone pressure method of artificial 
respiration is used extensively with re- 
ported success. By actual measurement this 
method cannot effect a respiratory ex- 
change of more than 350 c.c. per respira- 
tion, which is less than the normal tidal 
volume. Nature has liberally provided 
normal life with “factors of safety”’ which 
account for the survival of many patients, 
no matter what resuscitative technique is 
employed. Any method of artificial respira- 
tion or any apparatus for that purpose is 
sufficient. In extreme cases of asphyxia 
what hopes of success can be entertained of 
resuscitating a victim just this side of the 
threshhold of life by providing less than the 
normal tidal volumes per respiration? 

Successful resuscitations are also re- 
ported by use of various inhalers, which 
rely upon inhalation of resuscitative gases 
contained in a resilient bag. In extreme 
cases of asphyxia, sufficient pressure to 
inflate an atelectatic lung cannot be devel- 
oped in a resilient bag even at its maximum 
inflation. 

Any apparatus used for artificial respira- 
tion should be equipped to deliver at each 
inspiration ample, measured and controlled 
volumes which will inflate the lungs to the 
desired capacity within safe and adjustable 
pressure limits. 

The apparatus devised by the writer was 
designed to deliver either the tidal volume 
or double and triple the tidal volume with 
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each inspiration, to indicate visibly the 
intrapulmonary pressure at all times and 
to safeguard against excessive intrapul- 
monary pressure. 

A full description of the apparatus ap- 
peared in a previous publication.* In 
essence it is as follows: 

It is a light portable apparatus which can 
be instantly put into use. It can be used 
with any size medical or commercial 
cylinder containing oxygen, carbon-dioxide 
and oxygen, or with air if other resuscita- 
tive gases are not available. It incorporates 
the features described below: 

A. A manifold and three yokes to receive 
the cylinders containing various resusci- 
tating gases. 

B. A pressure gauge in the manifold to 
indicate the available supply of gas in any 
one cylinder. Shut-off valves permit the in- 
stallation of fresh supply cylinders without 
interfering with the resuscitative measures. 

C. An air inlet guarded by a stopcock 
permits the use of air from any source in 
the absence of other resuscitative gases. 

D. A pressure regulator and reducing 
valve can be set by the control valve F to 
deliver from 35 to 600 c.c. of gas per 
second. These figures represent the various 
tidal volumes breathed by different age 
groups per inspiration. By means of the 
respiratory valve described below the 
inspiratory phase can be made to last two 
seconds in which time double the tidal 
volume will be delivered, or three seconds 
when triple the tidal volume is desired. 

E. A dial surmounting a flow gauge 
indicates the amount to be delivered per 
inspiration for various age groups. 

F. A control valve regulates the volume 
flow per second. 

G. A respiratory valve which is under 
complete control of the operator regulates 
the rate and rhythm of the respirations and 
the amplitude of each inspiration. It is 
capable of three important positions which 


* BRANowER, WILLIAM. Artificial respiration by an 
apparatus which permits measured and controlled 
volumes and pressures. Jour. Thoracic Surg., 5: 377- 
384 (April) 1936. 
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are indicated by a pointer. The inspiratory 
position permits the resuscitating gases to 
flow from the apparatus direct to the 
patient without an intervening bag. The 
expiratory position shuts off the supply to 
the patient and permits the expired gases 
to escape into the open air. The inspira- 
tory phase is an active process on the part 
of the machine and the operator, who aims 
to inflate the lungs to the desired capacity 
and pressure; the expiratory phase is pas- 
sive. Any suction to facilitate expiration is 
unnecessary, even dangerous, and one 
intentionally dispenses with it. The natural 
high elasticity and resiliency of the lungs 
affect the immediate recoil to the collapsed 
state when the pressure or inflating force is 
removed at the end of the inspiratory 
phase. The inhalation position is used only 
when there are reflex or natural respira- 
tions, and permits to-and-fro respirations 
of any therapeutic gases from a bag. The 
extent of rebreathing is regulated by an 
expiratory valve, T. A butterfly air vent, 
P, at the entrance to the bag permits 
respirations of air. 

H. A manometer on the patient’s side 
of the respiratory valve indicates the intra- 
pulmonary pressure at all times. 

Kk. A large dial safety valve on the 
patient’s side of the respiratory valve 
automatically blows off when the intra- 
pulmonary pressure exceeds the safety 
limits. The relief valve can be adjusted 
to blow off at various pressures, from 5 mm. 
to 20 mm. or more of mercury. As a further 
precaution against the danger of excessive 
intrapulmonary pressure a second safety 
valve, S, is incorporated. This is of the 
mercury type and can also be adjusted and 
set to blow off at various pressures. 

L. A delivery tube connects the appara- 
tus with the patient. It is short (to elimi- 
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nate dead space), flexible, noncollapsible, 
and of large lumen, which permits to-and- 
fro breathing without resistance. The tube 
ends in an adapter which fits a face mask, 
a pharyngeal airway, or an intratracheal 
tube. 

M. A suction pump and receptacle. This 
is an independent manually operated unit 
used to clear the mouth and air passages of 
obstructing fluid or semifluid material. At 
no time should this suction be used as an 
aid to expiration. 

The apparatus is adapted for use either 
by intratracheal insufflation or by face 
mask. The former is undoubtedly the most 
effective method. But artificial respiration 
to be of value must be instituted instantly. 
Unfortunately, however, when the emer- 
gency arises, the services of a physician 
skilled in intubation are rarely available 
and resort to a simpler technique must be 
taken. Delivery of resuscitative gases 
through a well fitting face mask is very 
practical because the method can be easily 
applied by a lay rescuer, who is usually 
first on the scene. 

When intratracheal technique is em- 
ployed the catheter must be made to fit 
snugly within the trachea, otherwise the 
gases will escape alongside the tube without 
inflating the lungs. When a face mask is 
used, inflation and overdistention of the 
stomach must be avoided either by pressure 
upon the epigastrium or by the insertion of 
a stomach tube. An airway which can be 
easily introduced, even by a layman, before 
the mask is applied, will prevent intraoral 
obstruction by the falling back of the 
tongue. 

This apparatus is presented in the hope 
of making a further contribution to the 
technique of resuscitation by artificial 
respiration. 
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A SPECIAL SYRINGE FOR USE IN SPINAL ANESTHESIA 
TECHNIQUE IMPROVEMENT 


Georce SANFORD Foster, M.D. 


Surgeon to Lucy Hastings Hospital 


MANCHESTER, NEW HAMPSHIRE 


E have observed in numerous surgi- 

cal clinics as well as our own that 

there remains the possibility of air 
as well as direct contact contamination in 
the administration of spinal anesthetics. 

It would seem that it is still one’s duty, 
as well as one’s desire, to perfect any tech- 
nique in surgical procedures to the point of 
ultra-minimum possibility of contamina- 
tion in the slightest degree. 

With this end in view we have attempted 
to construct a syringe which will permit 
the securing of the spinal fluid, dissolv- 
ing the crystals or admixing the solution 
of the anesthetic in either case, with the 
spinal fluid without any possibility of 
contamination. 

This is accomplished by eliminating all 
extra moves and any unnecessary discon- 
necting or reconnecting with the spinal 
needle. 

In other words with this special syringe 
the anesthetic of choice can be readily 
dissolved and mixed with the spinal fluid 
all in one move minus but one disconnect- 
ing, as well as eliminating any conveying 
from one point to another. Thus is the 
administration of the spinal anesthetic 
made very simple and its accomplishment 
accurate and efficient. 


DESCRIPTION OF SYRINGE 


The instrument is in reality made up of 
two connected units A and B. Unit A is a 
graduated glass barrel of 5 c.c. capacity, I. 
The lower end of this glass barrel is 
harnessed by a circular band flange, 2. The 


tip of this flange, 3, is a standard connec- 
tion for spinal needles. Division, 4, is a 
blind cap which fits over Unit A connection 
when disconnected from the spinal needle. 

Running at an angle from the flange, 1, 
is a second connection, 5. This connection is 
standard for the ordinary hypodermic 
needle. The final division of unit A is a 
triple loop grip, 6, which is constructed of 
metal. The two lateral loops admit the 
index and middle fingers of the hand while 
the thumb is introduced through the top or 
middle loop which controls the metal piston 
and plunger. Thus Unit A is described as to 
its divisional construction assembled and 
disassembled. 

Unit B is the ordinary hypodermic 
syringe 30 m. capacity with its two divi- 
sional segments, the barrel and piston, 
7 and 8, respectively. 


TECHNIQUE 
Both Unit A and B are disassembled and 


dry sterilized in packet in the autoclave. 
This is done to prevent any accumulation 
or condensation of moisture either on the 
outside or inside of the plungers and barrels. 

During the preparation in the operating 
room the sterile nurse places the crystals 
or solution of the anesthetic within the 
barrel of unit B. The plunger is then set in 
place and unit B connected with unit A. 
The anesthetist then follows his usual 
technique in introducing the spinal needle 
and securing the tap. 

Immediately the tap is secured the blind 
cap is removed from Unit A and contact 
made with the spinal needle. The anes- 


615 


— 


616 American Journal of Surgery Foster—Spinal Anesthesia Syringe DeEcEMBER, 1936 


Fic. 1. Units a and B disassembled. 


B. 


Fic. 2. Syringe with units a and B assembled. Fic. 3. Units a and B with pistons of each 
partially withdrawn. 
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thetist’s fingers then engage the triple loops 
and the plunger of Unit A is very slowly 
withdrawn until the desired amount of 
spinal fluid is in the barrel of Unit A. 

Unit A is then disconnected from the 
spinal needle and the stilette temporarily 
replaced and the blind cap replaced over 
the nipple of unit A. The plunger of unit A 
is then slowly forced downward, permitting 
the spinal fluid to run from the barrel of 
unit A into the barrel of unit B. This 
procedure will automatically force the 
piston and plunger of unit B upward. 

As the lower end of the plunger of unit B 
reaches the 30 m. point the plunger of unit 
A is then withdrawn slowly from the barrel 
of unit A and this procedure will draw the 
plunger of unit B downward. 

When the lower end of the plunger of 
unit B reaches 10 m. point, the piston and 
plunger of unit A are again slowly forced 
downward until the lower end of the 
plunger of unit B again reaches the 30 m. 
point. This procedure is repeated slowly 
two or three times or until the crystals in 
the barrel of unit B are dissolved com- 
pletely. When this is accomplished the 
piston and plunger of unit A are again 
withdrawn slowly until the plunger of unit 
B reaches the bottom of the barrel of unit 
B. The plunger of unit B is then held in this 
position with the thumb of the left hand, 
and the blind cap removed from the tip of 
unit A and unit A again connected with 
the spinal needle following the removal of 
the stilette. The piston and plunger of 
unit A are then forced slowly to the bottom 
of the barrel of unit A, then slowly with- 
drawn again to the 3 c.c. point and again 
slowly forced to the bottom of the barrel. 
Thus the anesthetic fluid becomes thor- 
oughly admixed with the spinal fluid and 
the spinal needle withdrawn without dis- 
connecting from unit A. 

The withdrawal or introduction of either 
piston will, without contacting the other 
piston, automatically control the one not 
contacted so that it moves in the opposite 
direction to the controlled or contacted 
piston. 
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This contrivance has materially simpli- 
fied the technique of spinal anesthesia and 
minimized the liability of contamination or 
break in asepsis. 


Fic. 4. Units a and B assembled and ready for use: 
1, graduated barrel; 2, circular band flange; 3, tip of 
flange; 4, blind cap; 5, standard connection for hypo- 
dermic needle; 6, triple loop grip; 7, ordinary 
hypodermic syringe; 8, piston of ordinary hypo- 
dermic syringe. 
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ELIMINATION OF UPPER ABDOMINAL DISTENTION BY 
CONTINUOUS ASPIRATION DURING OPERATION 


GERALD H. PRATT, M.D., F.A.C.S. 


Instructor in Surgery, New York Post-Graduate Medical School of Columbia University 


NEW YORK CITY 


HE use of the principle of suction 

siphonage by inlying duodenal tube 

after an abdominal operation has be- 
come quite general and at many clinics is 
a routine procedure. The work of Wan- 
gensteen and others has been instrumental 
in standardizing the procedure. Several 
apparatus have been devised for the pur- 
pose, nearly all based on the underlying 
principle of the suction created by the 
effort of a fluid in an inverted elevated 
container to pass to a container at a lower 
level. 

During operations on the upper abdo- 
men, particularly the stomach, duodenum 
and gall bladder, surgeons have been 
annoyed by the protrusion or “flopping 
around” of the distended stomach and 
small intestine, caused frequently by the 
effort of the patient to gag, vomit or strain. 
We have shown that nearly all of this 
distention is swallowed air. This makes the 
operation technically more difficult and 
at times actually hazardous. It is par- 
ticularly troublesome when anesthesia is 
incomplete or wearing off, as in local or 
spinal anesthetics, or with the violent 
breathing of a patient who takes the in- 
halation anesthesia poorly. At times, the 
organs become so distended that vision is 
impossible, and anesthesia must be carried 
to a dangerous point or the operation even 
terminated. 

After considerable experience with suc- 
tion siphonage in all its forms, it was de- 
cided to see if the suction would aid us in 
overcoming this distressing operation prob- 
lem. The duodenal tube was placed through 
the nose and the suction kept open through- 
out the operation. We were surprised to 
note the ease with which the distention 
of the viscera could be eliminated and 


the decompression maintained. The stom- 
ach could be entirely flattened and the 
air, gas, regurgitated bile and saliva evacu- 
ated as rapidly as collected. It is advan- 
tageous even when the stomach has been 
carefully prepared by gastric lavage, as 
the nervous excitation, the vomiting reflex, 
and crying or swallowing of air will distend 
the stomach. In our gastric work we pre- 
pare the stomach with a lavage of diluted 
hydrochloric acid solution, leaving some 
of this solution in the stomach until we 
are prepared to open the organ. At that 
time we evacuate the fluid by opening the 
suction-siphonage system. Gastric lavage 
on the operating table can be easily ef- 
fected in this way. 

While on the Babcock Surgical Service 
at the Temple University, a standard ap- 
paratus was devised by the author for the 
purpose of decompression. This apparatus 
has the added advantage of being a port- 
able single unit, easily controlled by the 
nurse, attendant or anesthetist. (Fig. 1.) 
This evacuator has been partially described 
elsewhere, but in brief utilizes the pre- 
viously mentioned principle of hydraulic 
suction with the additional feature that 
the water jugs can be changed at will with- 
out disturbing the set or the patient. When 
one jug is empty it is lowered and the 
other one rises while a three-way valve 
controls the center or collecting jug. A 
burette for irrigation of the duodenal tube 
by way of a “Y” tube is kept clamped off 
when not in use. 

The surgeon, who has spent time valu- 
able to the patient and nervous energy 
important to himself, in efforts to protect 
his field from the distended viscera with 
traumatizing packing and retractors, will 
be surprised at the ease with which this 
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difficulty can be surmounted. The small 
tube through the nose in no way interferes 
with the anesthetist if a general anesthetic 
is used, and with the suction open regur- 
gitation of the tube is nearly impossible. At 
the end of the operation the tube may be 
left in place and a secondary distention 
prevented by aspiration at indicated 
intervals. 

With distended gall bladders which we 
desire emptied before their removal, with- 
out the contamination of the aspirating 
needle, we have been able with the abdo- 
men open to place the tip of a nasal duo- 
denal tube in the second portion of the 
duodenum, and with the suction applied to 
collapse the gall bladder by drainage 
through the common duct. Where the 
stone is impacted tightly in the neck, it is 
sometimes possible to work it back manu- 
ally into the gall bladder, and then drain 
the gall bladder contents into the duo- 
denum with the suction, thus eliminating 
a possible peritonitis from a leaking punc- 
ture hole. We are continuing our experi- 
ments along this line at the present time. 

It is the suggestion, therefore, that sur- 
geons working in the upper abdomen 
anticipate this distention factor by i inserting 
the inlying duodenal tube before operation 
and having a suction siphonage device at 
hand ready for use. It is our experience 
that this suggestion will be a welcome 
addition to the routine preparation. 


SUMMARY 


1. An aid in eliminating the distention 
factor during an abdominal operation is 
described, using the author’s modifica- 
tion of the Wangensteen type of suction 
siphonage. 
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2. The Pratt evacuator is _ briefly 


described. 


3. The efficacy of the evacuation in 


Fic. 1. The Pratt evacuator in use during an operative 
procedure. 


gastric work is stressed. 

4. The value of the procedure in opera- 
tions upon the biliary tract in the presence 
of a tightly distended gall bladder is 
outlined. 

5. The routine insertion of a duodenal 
tube prior to operation and the attachment 
of an evacuation apparatus for continuous 
decompression during surgical procedures 
on the upper abdomen is advocated, and a 
plan for gastric lavage just prior to the 
opening of the stomach by this same 
method is presented. 
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SIMPLIFIED METHOD OF DRAWING BLOOD FOR CITRATE 
BLOOD TRANSFUSION * 


H. D. CocsweELL, M.D. 


INDIANAPOLIS, 


ANY methods have been devised 
to draw the donor’s blood for 
citrate blood transfusions but some 


Fic. 1. 


have been too complicated to be practical 
and most of the other means have some 
undesirable features. 

Numerous procedures in drawing blood 
have been used, including the multiple 
syringe method, Kempton-Brown tubes 
and a suction apparatus requiring much 
rubber tubing. In most instances these 
have been successful, but on occasions all 
methods have failed to perform satis- 
factorily. Attention was called to the 
various difficulties encountered and for 
this reason a simpler and surer method was 
desired. 

The method described has fulfilled all 
the desired requirements and has been used 
in many transfusions with excellent results. 


IND. 


The donor set consists of a No. 13 gauge, 
2! inch needle with a sharp short bevel,! 
a 1000 c.c. flask and a piece of glass tubing 
8 inches long with a diameter of 4.5 mm. 
to 4.6 mm. 

One end of the glass tubing is ground 
down on a fine emory wheel to fit the 
adaptor of the needle. The tubing is then 
bent at right angles in a Bunsen burner 
flame, in the directions shown in Figure 1. 
Although it is not essential, better results 
are obtained if the glass tube is coated 
with an ether-paraffin solution made with 
2 drams autoclaved paraffin mixed with 
two ounces of ether, before using. 


TECHN.QUE 


After the usual skin preparation, the 
skin over and around the vein is injected 
with 1 per cent novocaine solution. A 
tourniquet is applied above the site of 
injection and the needle is inserted into 
the vein, directing the point proximally, in 
the direction of the hand. As the vein is 
entered by the needle there is usually a 
gush of blood from the needle which can 
be controlled by a gloved finger until the 
glass tubing can be inserted into the needle. 
The blood then runs freely from the tube 
and is caught in a flask containing the 
sodium citrate solution. (Fig. 1-2.) A con- 
stant stream of blood is maintained by the 
donor slowly opening and closing his hand. 
It is rarely necessary to dissect a vein with 
this technique. When this is indicated, as 
when the donor is obese or has small veins, 
this method works just as efficiently. 

With this method the vein is usually 
saved for future use, if needed. The whole 
procedure is painless, except the initial 
prick of the needle injecting novocaine and 
there is no residual tenderness in the arm. 


I wish to thank Mr. J. F. Glore of the Illus- 
tration Department for these illustrations. 
1 Made by Becton, Dickinson & Co. Rutherford, N. J. 


* From the Department of Surgery, University of Indiana Medical Center. 
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BOOKSHELF BROWSING 


AN INQUIRY INTO SEVERAL BELIEFS HELD BY MAN 
REGARDING THE ANATOMICAL SITE OF 
THE SOUL* 


ing is alike noble, as is 
the knowing of the Soul 
HELMONT. 


knowable things, noth- 


itself. . . . 


INTRODUCTION 


Since the beginning of Time apparently 
man has busied himself with the enchant- 
ing, fascinating but still unsolved question, 
“Where and what is the soul?” There have 
been individuals who have doubted its 
being, arguing that it did not exist; others 
have held that because there is life, a soul, 
whatever it may be, must be present also. 
Ignorance has not prevented the writing 
of an almost countless number of tomes 
regarding the exact nature of the soul, and 
in all ages there have been religious factions 
and cliques which held stoutly to this creed 
or to that opinion. It is possible here to 
mention but a few of these many theories. 

Soul Sleep or Psychopannychism. This 
idea apparently originated with the Ar- 
menian and Arabian sects and, although it 
was condemned by the various Christian 


Councils of the Middle Ages, Pope John 


M. M.D. 


CINCINNATI, OHIO 


XXII accepted it openly. At the time of the 
Reformation it was revived by several 
factions and was even extensively devel- 
oped by the Anabaptists. One of its chief 
theological opponents, by the way, was 
the dour Swiss, John Calvin, the “father” 
of Presbyterianism. 

Soul-death or Thnetopschism, is another 
development of this “motif” and it was 
believed, for example, by one Petrus 
Pomponatus (circa 1500 A.D.) that the 
soul was actually “dead” from the death 
of the body to the moment of the beginning 
of the “Last Judgment.” 

Transmigration of Souls. It is well 
known that this is a common belief of many 
peoples and races. 

Soul Sex. Some philosophers affirm that 
the various viscera have their own sepa- 
rate male soul. The Sages of China have 
elaborated upon this dogma and some of 
them have maintained that every human 
being is provided with both a male and a 
female variety, and explained this physical 
hermaphroditism by the “need” of a 
harmonious cooperation of these two into 
one organic unity! 


* From the Department of Surgery of the College of Medicine of the University of Cincinnati and of the Cincinnati 
General Hospital. 
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Traducianism, the theory of the deriva- 
tion of the child’s soul from that of his 
parents; Creationism, that every soul born 
into the world is a fresh creation, Phyletic 
Psychogenisism, the tissue soul of Haeckel, 
are only a few more mellifluorous labels 
that have been plastered onto this problem. 
Dozens of others might be discussed but 
it is not the purpose of this brochure to 
review such polemic discussions, for it is 
concerned only with the alleged place or 
the “‘anatomical abode” of the soul. As 
we have said, the topic has ever been a 
great subject of discussion though candidly 
there is perhaps no better or more appli- 
cable statement than that taken from 
Lucretius, “‘None knows the nature of the 
soul, whether it be born with us, or infused 
into us at our birth, whether it dies with 
us, or descends to the shades below, or 
whether the gods transmit it into other 
animals.” (De Rerum Natura 1: 112.) 


However, in extenuation and in partial 
justification, at least, for this monograph 
we quote from the Oriatrike of van Hel- 


mont: “He that shall first draw forth the 
essayes of the Soul and afterward drink 
down the juices of Nature, in his Re- 
turn... shall be of a larger ney 
than he was in his former reading. . 
Assyrian. Jastrow has given us an ex- 
cellent description on the importance of 
the liver in the religion of antiquity. With 
the Assyrians this organ was the site of the 
lower emotions such as envy, jealousy, 
and ill humor. They also argued that since 
life of all kinds was due to the gods a part 
of some one object in man acted as a rep- 
resentative of the deities, and was there- 
fore the site of the soul. Or to phrase it 
another way, a certain portion of the body 
was really the mirror in which the gods’ 
minds and actions were reflected and to 
these dwellers by the Euphrates the liver 
seemed to be such a center of vitality. 
Hepatoscopy was done to such an extent 
that in Assyria sheep livers were used for 
divination as early as 3000 B.c., and special 
attention was then paid to the importance 
of the various lobes, the gall bladder and 
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the portal vein. Indeed, the Babylonian 
priests prepared clay models to be used by 
their young theological students and speci- 
mens may be found today in almost any 
museum of Oriental lore. 

Egyptian. The Egyptians considered 
that after death their soul assumed the 
shape of a bird which in the early years of 
the country’s existence was a heron but 
in later dynasties became a human faced 
avian. But besides this soul, man also 
possessed a kind of guardian angel called 
Ka, which was incarnated into one or more 
material objects in the tomb and which 
represented a “material” support which 
“lingered” long after the mummy had 
disappeared. The soul of a dead man al- 
ways appeared before Osiris to be weighed 
and forty-two judges sat in council, each 
individual being compelled to answer a 
great number of questions. After proper 
and unbiased judgment the good became 
“‘Osiresses”” and thereby identified them- 
selves with the royal deity. The bad were 
packed off into Hell. 

Greek. Plato’s (431 B.C.—351 B.C.) essay 
““Timaeus,” well known and often quoted, 
divides the soul-matter into an upper and 
a lower kind. The lower soul is endowed 
with “‘courage and spirit . . . they set- 
tled in the interval between midriff and 
neck . . . and as the heart was liable to 
become heated . . . lung was implanted 
to help as a buffer and to act as a cooling 
agent. ... The part of the soul which 
desires meats and drinks they placed be- 
tween midriff and the navel (in) the liver, 
the immortal] part or reason in the head.” 

In “‘Phaedrus” is the famous comparison 
of the dual soul of man with a pair of 
winged chariot horses in harness. The 
human charioteer drives one of noble breed 
and one of ignoble, and his chief aim of 
life is to keep the two under control. 

Aristotle (B.c. 384-322). Those who 
know Aristotle will immediately recall his 
“De Anima” in connection with this sub- 
ject where the various theories held by 
prominent men and philosophers up to 
that time are stated and described. In this 
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magnificent work is mentioned how Hera- 
clitus identified the soul with vapor from 
which he derived all other principles and 
thought it to be in a ceaseless flux, and 
stated that it is the least corporeal of 
things. Hippon asserted that the soul was 
water and based his statement on the fact 
that the seed of all animals is moist. He 
continues to argue that the blood could 
not be the soul because semen is not bloody. 
In direct opposition to this view, others, 
among whom was Critias, maintained that 
the blood held the soul. Diogenes asso- 
ciated the soul with air and thought the 
latter was composed of the minutest of 
particles and was the “first principle.” 
Democritus and Anaxagoras treated the 
mind as a single nature. 

Practically all philosophers, according 
to Aristotle, defined the soul from the three 
characteristics of motion, perception and 
incorporeality. Some held to one single 
element, while others were convinced 
equally of plurality. Aristotle himself did 
not believe the soul was capable of motion, 
although Thales considered it as the cause 
of motion and affirmed the lodestone to 
possess a soul because of its property to 
attract certain objects. 

Empedocles, who antedated Plato and 
Aristotle by two hundred years, is quoted 
by almost all writers on this subject. He 
was firmly convinced that the blood was 
the soul. 


In the blood streams, back leaping into it, 
The heart is nourished, where prevails the 
power 
That men call thought; for to the blood that 
stirs 
About the heart is man’s controlling thought. 
(Leonard’s translation of paragraph 105.) 


From Epicurus, the Greek philosopher 
who lived some three hundred years before 
Christ, we read: 


(63.) . . . You must consider that the soul 
is a body of fine particles distributed through- 
out the whole structure, and most resembling 
wind with a certain admixture of heat, and in 
some respects like to one of these and in some 
to the other. 
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(64.) .. . The Soul possesses the chief 
cause of sensation, yet it could not have 
acquired sensation, unless it were in some way 
enclosed by the rest of the structure. And 
this in its turn having afforded the soul this 
cause of sensation acquires itself too a share in 
this contingent capacity from the soul. Yet 
it does not acquire all the capacities which the 
soul possesses; and therefore when the soul is 
released from the body the body no longer has 
sensation. For it never possessed this power in 
itself, but used to afford opportunity for it to 
another existence, brought into being at the 
same time with itself... . 

(65.) . . . Therefore, so long as the soul 
remains in the body, even though some other 
part of the body be lost, it will never lose 
sensation; nay more, whatever portions of the 
soul may perish too, when that which enclosed 
is removed either in whole or in part, if the 
soul continues to exist at all, it will retain 
sensation. On the other hand the rest of the 
structure, though it continues to exist either 
as a whole or in part, does not retain sensations 
if it has once lost that sum of atoms, however 
small it be, which goes together to produce the 
nature of the soul. Moreover, if the whole 
structure is dissolved, the soul is dispersed 
and no longer has the same powers nor per- 
forms its movement so that it does not possess 
sensation either. . . 


Epicurus continues and goes on to say that 
the soul cannot be incorporeal for if it 
were like the only incorporeal independent 
existence, the void, it could not act or be 
acted upon in any way. 

Plutarch (A.p. 46-120) in his ‘‘ Morals” 
reviews the question of a soul with con- 
siderable thoroughness. He declares that 
Asclepiades, the famous physician, be- 
lieved that the soul was concurrent with 
the excitation of the senses. He mentions 
that Heirophilus put it in the sinus which 
is at the base of the brain, that Para- 
menides placed it in the whole breast, 
Erasistratus in the membrane involving 
the brain, while the Stoic philosophers 
thought it equivalent with hot breath. 
According to the historian this last school 
said that the soul was composed of eight 
composite points; five of these are the 
senses, hearing, seeing, touch, taste and 
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smell and the other three are speaking, 
generation and thinking. After locating the 
soul in the human organism he becomes 
concerned with the soul of the world itself 
and cites Heraclitus who thought it to be 
the “‘exhalations” (clouds? mist?) which 
procede from the most part of it. 

Roman. Lucretius (B.c. 96-55), that 
magnificent intellect of the Roman Golden 
Age who knew something of everything 
from astronomy to gynecology, who de- 
scribed the atomic theory and even the 
Weismannian biologic theorems in _ his 
beautiful poem “De Rerum Natura,” 
gives us this idea of his conception of the 


Soul: 


Accordingly the whole spirit must consist 

of very small seeds being interlaced through 
veins, 

flesh and sinews; wherefore, when the whole has 
already 

departed from the body, nevertheless the out- 
ward contour 

of the limbs presents itself undiminished, nor 


is one jot 
of the weight lacking . . . (ili, 216 et seq.) 


It seemed to this distinguished Latin 
that the soul was a composite structure 
for it was composed of breath, heat, air 
and a fourth nameless substance, a kind 
of spirit of the spirit, one might say. The 
mind and the body do not correspond atom 
for atom as the former are fewer, smaller 
and even less in number, and when a man 
dies ‘“‘piece-meal,”’ as from a gangrenous 
leg, the soul also dies a kind of a lingering 
death since it is not confined in any one 
particular place. Furthermore, this philos- 
opher thought that the spirit is not immor- 
tal since an individual can not remember 
his former existence and he refutes the 
concept of the transmigration of souls 
because the person concerned would then 
show mixed characteristics. The soul may 
also be subject to disease and death.* 
Since we felt nothing before our birth we 
shall feel nothing after our demise. 


* This idea would make Lucretius one of the world’s 
earliest psychiatrists. 
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Marcus Tullius Cicero, in his “‘Tusculan 
Disputations” (45 B.c.), gives a birdseye 
view of the various beliefs held by his 
predecessors and after admitting and ac- 
knowledging his debt to Plato naively 
says, ‘Further, as to what the soul is in 
itself, or where its place is in us, or what 
its origin, there is much disagreement.” 

Hebrew. The Bible.* To express the 
location of the human soul the Hebrews 
in the Old Testament used at least three 
expressions for they seem to locate it in 
the blood, the heart and the intestines. 
These expressions are somewhat wide in 
their use. 

1. In the blood. (Other passages could 
be cited if space permitted.) 

In forbidding the eating of blood, these 
statements are used: 


Leviticus 17: 10, 11 “‘And whatsoever man 
there be of the house of Israel, or of the 
strangers that sojourn among you, that eateth 
any manner of blood; I will even set my face 
against that soul that eateth blood, and will 
cut him off from among his people. For the life 
of the flesh (is) in the blood.” 

Genesis 9: 4. “But flesh with the life thereof, 
(which is) the blood thereof, shall ye not eat.” 

Deuteronomy 12: 23. “Only be sure that 
thou eat not the blood: for the blood (is) the life: 
and thou mayest not eat the life with the 
flesh.” 


2. In the beart. As the heart is in the 
center of the blood, the heart is represented 
as the seat of life, thought, will, the acting 
principle. 

Note in the following texts: 


Exodus 35: 22. ““And they came, both man 
and women, as many as were willing-bearted 
(literally, willing of beart), and brought brace- 
lets, and earrings, and rings and tablets, all 
jewels of gold: and every man that offered an 
offering of gold unto the LORD.” 

1 Samuel 14: 7. “And his armourbearer said 
unto him, Do all that (is) in thine beart: turn 
thee: behold, I (am) with thee according to 
thy beart.” 

* The author wishes to acknowledge his debt to his 
father, Dr. Charles C. Millar, for the references used in 
this particular section. They were taken directly from 
the Hebrew text. 


- 
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Speaking of the Assyrian, it is said, in 
Isaiah 10: 7. ‘‘Neither doth bis beart think 
so.” 

3. In the intestines, though this may be 


for inward parts in a more general sense. 


1 Kings 17: 21, 22. “And he stretched himself 
upon the child three times, and cried unto the 
LORD, and said, O LORD my God, I pray thee 
let this child’s soul come into him again. 
(literally, into bis inward part.) And the LORD 
heard the voice of Elijah; and the soul of the 
child came into him again. (Literally, into his 
inward part) and he revived.” 

Psalm 5: 9. “Their inward part is very 
wickedness.” 

Genesis 41: 21. “And when they had eaten 
them up, (Literally, they had gone into the 
inward parts of them), it could not be known 
that they had eaten them. (Literally, that they 
had gone into the inward parts of them.) 

Exodus 29: 13. “And thou shalt take all the 
fat that covereth the inwards . . . and burn 
(them) upon the altar.” 

Psalm 49: 11. “Their inward thought.” 
(literally, “their inward part.’’) “Their inward 
thought (is), that their houses (shall continue) 
for ever, (and) their dwelling places to all 
generations; they call (their) lands after their 
own names.” 


Talmud. In addition to the opinions 
expressed in the Old Testament there are, 
of course, other views set forth by the Jews 
and in the Talmud there is no more inter- 
esting story than that incident to the bone 
Luz. There are at least two accounts of 
this marvelous vertebra, in “‘ Der Midrasch 
Kohelet” and “Der Midrasch Wajikra 
Rabba,” which furnish interesting and 
amusing reading. The word itself is derived 
from the Aramaic and means “almond.” 
In these two references is an account of an 
alleged conversation between one, Joshua, 
the son of Chanin, and the Roman Emperor 
Hadrian (Circa 130 A.p.). The latter, so 
runs the narrative, once asked the Jew 
how God would resurrect man in the world 
which was to come. The reply was that it 
would be through LUZ, a bone in the 
spinal column. When asked how he knew 
this and how such a striking assertion 
could be proved, the Rabbi is said to have 
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produced the bone! This could not be 
destroyed with fire, nor was it soluble in 
water. Not even when placed on a black- 
smith’s anvil and lustily beaten with a 
sledge was there any sign of destruction 
and indeed the forge split after a few 
ringing strokes, leaving Luz absolutely 
uninjured. We might remark in passing 
that Joshua was a tailor and not an ana- 
tomist by profession. 

Neo-christian. Tertullian, a prolific, 
belligerent and positive writer, who lived 
in the second century after Christ’s birth 
and who wrote among many other things 
a ‘“*Treatise on the Soul,” reviews the 
subject and cites the opinion of various 
“pagan” philosophers. Among those who 
have not been mentioned elsewhere in this 
paper are: Moschion, who declared that 
the soul floats about through the whole 
body; Zenophenes, who placed it in the 
crown of the head; Herophilus, who located 
it at the base of the brain (vide Plutarch); 
Strato who located it in the membranes of 
the brain; and another Strato, the physi- 
cian, who placed it between the eyebrows. 

Tertullian continues the discussion and 
says it was quite an easy question to 
decide and without any difficulty placed 
it in the heart, and for proof he nimbly 
quoted from the Bible to this effect: 
“‘Create in me a clean heart, oh, Lord.” 
(Psalms LI: 10.) 

The anti-Nicene father, Lactantius, 
“On the Workmanship of God,’’ quotes 
Varro, ““The soul is air conceived in the 
mouth, warmed in the lungs, heated in the 
heart, diffused through the body.” 

Buddhism. Buddhism does not hold to 
the belief of a soul and indeed “‘anattam,”’ 
the absence of self, is an abiding principle 
of the three parts of wisdom and percep- 
tion. But diametrically opposite to this 
dogma stand the Gainas, one of its quite 
powerful sects, a subdivision said to have 
been founded by Mahavira who believed 
and taught that there were numerous souls 
embodied in animals, gods, plants, hell- 
beings and even in the four elements water, 
earth, wind and fire. 
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Brabmanism. Anyone who is in any 
way familiar with the Brahmanic religious 
literature will recall the hundreds of pages 
written on the various ideas of “‘self.” In 
the main they are as hard to peruse as the 
philosophy of Emanuel Kant! 

While in one place of the Vedanta- 
Sutras it is stated that, “‘It is nowhere the 
purpose of Scripture to make statements re- 
garding the individual soul” (1 Adhyaya 3, 
Pada 7) and elsewhere (11 Adhyaya 2, 
Pada 17) we read that conjunction cannot 
take place between the atoms, the soul 
and the internal organs because they have 
no parts. In other portions there exist 
several citations which would place the 
soul in the heart (1 Adhyaya 3, Pada 14). 
The soul is called a part of Brahman, a 
metaphor as one commentator with child- 
like candor carefully indicates. Ideas on 
“Self” and the soul as “pure intelligence” 
and ‘‘non-active infinite” are discussed. 
There is a connection between the “in- 
telligent self” and “vital air” which 
sustains the body and the individual soul 
as well as the “chief vital air” may be 
justly designated as the “Intelligent Self.” 

In Adhyaya 3, Pada 19, the soul is 
stated to be of atomic size because of its 
ability to pass in and out of the body. To 
quote Paragraph 20, 


Either from the eye or from the skull or from 
the other places of the body (the Self passes 
out). . . . He taking with him those elements 
of light descends into the heart. Paragraph 23. 
Just as a drop of sandal ointment although in 
contact with one spot of the body only, yet 
produces a refreshing sensation extending over 
the whole body: so the soul, although abiding 
in one point of the body only, may be the 
cause of a perception extending over the entire 
body. And as the soul is connected with the 
skin (which is the seat of feeling) the assump- 
tion that the soul’s sensation should extend 
over the whole body is by no means contrary 
to reason. For the connexion of the soul and 
the skin abides in the entire skin, and the skin 
extends over the whole body. . . . 


A reason which is used against this argu- 
ment is the remark that the soul abides in 
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the heart. But though the soul is in the 
heart, by means of passages up to the hairs 
and up to the tip of the nails it is able to 
pervade the entire body by means of 
“intelligence.” 

In the “Bhagavadgita” (Chap. v, 19) 
we learn that the self-restrained embodied 
(self) “lies at ease” within the city of nine 
portals (i.e., the eyes, nostrils, ears, mouth 
and two excretory orifices. Elsewhere in 
dealing with sacrifices it is stated: 


For the heart is the self (soul), the mind; and 
the clotted ghee is the breath. (Satapatha— 
Brahmana, 11 Kanda, 8 Adhyaya 3, Brahmana 
10; 8.) 

In the Anugité (Chap. 1, 7): “That soul 
entering all the limbs of the foetus, part by 
part, and dwelling in the seat of the life-wind, 
supports (them) with the mind. Then the 
foetus becoming possessed of consciousness 
moves about its limbs. ... ” 

(Chap. ur, 34) “The soul being without a 
fixed seat is shaken about by the wind... 
(the wind here being something exuding from 
a vitally wounded part). 


Comparison is made here with those in- 
dividuals who have eyes of knowledge 
which are able to see a soul departing from 
the body or entering the womb with those 
who have eyes that are able to see a glow- 
worm disappear here and there in the 
darkness. This paragraph recalls to twen- 
tieth century minds the “ectoplasm”  ex- 
periments that have been conducted during 
the past few years. 

Orphic Beliefs. Aristotle states that the 
Orphic poems maintain that the soul “is 
from the universe in the process of respira- 
tion being borne upon the winds.” 

Mobammedan. According to Hughes, 
the Mohammedan writers hold very con- 
flicting views concerning the state of the 
soul after death. All agree that the Angel 
of Death, Malaku ’I-Maut, separates the 
human soul from the body at the time of 
death and performs this act with ease and 
kindess to the good and with “force and 
violence” towards the wicked. This idea 
is based on the verse in the Qur’An Surah 
(xxIx) where the Prophet swears by those 
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“‘who tear out violently and those who are 
gently released.” Apparently there is no 
one fixed central portion which is the abode 
of the soul. However, we know that the 
spirits of the faithful are divided into 
several classes. There are those who, at 
death, are admitted immediately into 
Paradise and the spirits of martyrs who 
rest in the crops of green birds which eat 
the fruits and drink of the waters of Para- 
dise. Then there are those spirits of all the 
remaining believers who either remain near 
the grave for several days or until the time 
of the Resurrection or who may, indeed, be 
placed in the lowest heaven with Adam. 
The Prophet states that he saw them there 
during his trip to Heaven; and finally those 
devarted spirits who live in the form and 
assume the shape of white birds and roost 
and perch under the throne of God. The 
bad go down into Hell, or Sijjin, where they 
are tortured and interminably tormented. 

The soul itself appears to have a guardian 
for in the Chapter of the Evening Star one 
reads: “Verily every soul has a guardian 
over it.” In still another portion of the 
Qur’an blessing is promised: Prosperous 
is he who purifies it (i.e., the soul).’”’* 

The philosopher and surgeon, Avicenna, 
a Persian Mohammedan of note (g80- 
1037 A.D.) in his “Compendium of the 
Soul” arranges spiritual faculties in three 
groups: plant or vegetable power, animal 
power, and the speaking or rational power. 
The Persian joins the five senses of taste, 
touch, smell, seeing and hearing with the 
five inward senses, I.e., common sense, the 
imaginative, “vis cogitative,” memory and 
the “‘vis existimative.” 

In Section Nine in ‘‘ Which Proofs of the 
Essentiality of the Soul and of Its Inde- 
pendence of Body in its Structure are Set 
forth in pursuance of the Method of Logi- 
cians” the conception is that the soul is 


not a corporeal, organic power. Proof is 
adduced that if it were it would be within 
some organ of man which would “wither” 
when the organ itself started to disin- 
tegrate. This medical man would establish 

* From the Chapter of the Sun of the Qur’4n, verse 9. 
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a “mental essence” quite distinct from 
bodies but which would stand towards the 
human soul in the way that light does with 
regard to sight. In passing it may be noted 
that the “sway” of the picturing represent- 
ing common sense is located in the anterior 
“hollow” or ventricle of the brain; the 
control of the imaginative in the middle 
“hollow”; conjecturing through the entire 
brain. The “compartment” of the i imagina- 
tion is placed within the brain, and “in so 
far as these hollows suffer harm and hurt, 
so will the manifold working of these 
powers suffer also. . . . ”’ 


SOME EUROPEAN VIEWS DURING THE 
SIXTEENTH AND SEVENTEENTH 
CENTURY 


Montaigne, (1533-1592), the scholarly 
Frenchman in his “honest book” of Es- 
says, gives an excellent, concise sketch of 
the various beliefs held by the ancients. 
Among those not mentioned elsewhere in 
this monograph are Posidonius, Cleanthes, 
and Galien who thought the soul was the 
body heat or “‘hot complexion”; Hippo- 
crates and Herophilus who antedated 
Avicenna in placing it in the ventricles 
of the brain (vide Plutarch), Epicurus in 
the stomach, the Stoics “‘about or within 
the heart,” and Chrysippus who also 
“‘argued it to be about the heart.” 

Like Cicero, from whom this able essay- 
ist draws freely, the Bordeaux scholar has 
succeeded in summarizing a tremendous 
number of citations in a few paragraphs 
but adds no startling original conceptions 
of his own. 

Van Helmont. In Europe during the 
sixteenth century were many erratically 
erudite individuals, one of the most promi- 
nent being Jean Baptiste van Helmont. 
Born in the Low Lands in 1577, he was 
educated at the Louvain and after much 
travel settled down to matrimony and a 
scientific career in a suburb of Brussels. 
Best recalled to the modern age for his 
work in pneumatic chemistry (he was the 
first man to use the word “gas’’), this 
independent thinker refused to consider 
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fire and earth as elements and to his own 
mind’s satisfaction successfully reduced 
matter to air and water. But in order to 
explain properly the mechanism of life 
this talented individual was forced to 
manufacture an elaborate and complicated 
system. Briefly there was a central archeus 
which controlled a number of lesser archei. 
Diseases were due to an injury of this 
archeus. In addition there was a “sensitive 
soul” which was the “husk” or covering 
of man’s immortal soul. Why? Because a 
severe blow here would cause unconscious- 
ness! To quote from his Oriatrike or Physic 


Refined:* 


In Chapter x11 the worthy doctor holds to 
the argument that the stomach and the spleen 
run the body. “For of the Spleen and the 
Stomach I make only one Wedlock and one 
Marriage-bed. ... ” 

Chapter xxxvu: For it was never the study 
or the office of the soul to wander or pass from 
place to place, that it may chase out a Bride- 
bed for itself . . . In the stomach is placed the 
desirable Inn of the Soul . . . (18). Therefore 
the radical Bride-bed of the Sensitive Soul 
is the vital Archeus of the stomach, and it 
stands and remains there for the whole life 
time not indeed, that the sensitive soul is 
entertained in the stomach, as it were in a 
Sack, Skin, Membrane, Pot, Prison, little 
Cell, or bark; neither is it comprehended in 
that feat in manner of Bodies enclosed within 
a purse, but after an irregular manner it is 
centrally in a point, and as it were in the very 
individual middle of one membranous thick- 
ness. And it is in a place nevertheless, not 
plainly locally. . . . 


Stahl (1660-1734) and de Sauvage 
(1706-1767) were later proponents and 
elaborators of von Helmont’s grandiose 
conceptions. 

Descartes, one time soldier, physiologist, 
and always the eternal philosopher, believes 
the soul is essentially “‘thinking,” the body 
is an “‘extended substance,” and the two 


* The copy from which this account has been taken 
was published in 1662 and has been “faithfully rendered 
into English in tendency to a common good and 
increase of true science by J(ohn) C(handler) sometime 


M. H. of Oxon.” 
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are “desperate realities.” He argues ac- 
cordingly that there must be a place where 
these two can be coordinated and selects 
the pineal gland for the following reasons: 

In the chapter “The Passions of the 
Soul” is Article xxx1 which is entitled 
“That there is a small gland in the brain 
in which the soul exercises its function 
more particularly than in the other parts.” 
We read, 


It is necessary to know that although the 
soul is joined to the whole body, there is yet 
in that a certain part in which it exercises 
its functions more particularly than in all the 
others, and it is usually believed that this part 
is the brain, or possibly the heart; the brain 
because it is with it that the organs of sense 
are connected and the heart because it is 
apparently in it that we experience the pas- 
sions. But, in examining the matter with care, 
it seems as though I clearly ascertain that the 
part of the body in which the soul exercises 
its function immediately is in no wise the heart, 
nor the whole of the brain, but merely the 
most inward of all its parts, to wit, a certain 
very small gland which is situated in the middle 
of its substance and so suspended above the 
duct whereby the animal spirits in its anterior 
cavities have communication with the pos- 
terior; that the slightest movements which 
take place in it may alter very greatly the 
course of these spirits, and reciprocally that 
the smallest changes which occur in the course 
of the spirits may do much to change the 
movements of this gland. . . . 


Article xxx, “‘How do we know that 
this gland is the main seat of the soul?” 
Here the Frenchman reasons that as there 
are two images from our two eyes there 
must be some spot where the “‘impressions 
can unite before arriving at the soul in 
order that they may not represent to it 
two objects instead of one.” . . . He con- 
tinues, “It is easy to apprehend how these 
images or impressions might unite in this 
gland by the intermission of the spirits 
which fill the cavities of the brain; but 
there is no other place in the body where 
they can thus be united unless they are so 
in this gland.” Article xLx1 is on “‘Mem- 
ory” and here it is stated that the pineal 
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body rotates, thrusting and shunting the 
spirits off to the various parts of the brain! 

Space will not permit elaboration of the 
idea of many other no less famous indi- 
viduals who wrote on the subject, only a 
few being briefly mentioned. In passing 
it may be said that these gentlemen, to- 
gether with practically everyone of their 
time, believed that the site of the soul and 
the seat of life were identical. With this 
in mind the modern reader can view their 
physiological and metaphysical strug- 
gles with much more sympathy and 
understanding. 

Thomas Willis (1622-1675), the famous 
English anatomist, placed his “anima 
rationalis” in the cerebrum and the “anima 
vegetiva” in the cerebellum. He based 
his reasons on the fact that death followed 
when the vagi nerves were cut. 

Tulp, the illustrious Dutchman, the 

“original” surgeon in Rembrandt’s paint- 
ing, also placed it in the cerebellum. 

La Peyronie (1679-1748), better recalled 
today for his “disease,” was one of the 
first who took issue with Descartes’s idea 
that the pineal body was the seat of the 
soul as he declared that he had seen wounds 
of this organ in which immediate death 
had not ensued. About the same period 
others,* however, disagreed with the two 
Frenchmen because they argued that the 
pineal was larger in animals than in man, 
and as their souls were certainly no bigger, 
better or larger, it could be immediately 
seen that this spot certainly was not the 
exact location. La Peyronie wanted to put 
it in the corpus callosum and in this opinion 
he was later abetted by Chopart (1743- 
1795). Of course there was disagreement 
to this as Vieussens (1641-1715) had placed 
the soul in the “‘white brain”; Boerhaave 
(1668-1738) in the gyrus fornicatus; 
Mayow (1643-1679), Pacchioni (1665- 
1726) and Santorini (1681-1737) in the 
dura mater. Mayow, moreover, succeeded 
in making the situation more complicated 


*The interested reader is referred to Révész’s 
excellent work on the Soul in which this portion has 
been treated in great detail. 
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than ever for he introduced the chemical 
factor into the already perplexing question 
for the first time. 

Opposed to these concepts was Meig (b. 
1741) for he put the human soul in the 
spinal cord because he had seen several 
acephalic babies who had lived for a short 
time after birth. He reasoned that since 
these monstrosities had been born they 
must certainly have souls, and as they had 
lived without heads the soul could not be 
located in this nerve organ. Therefore, the 
“place” must be located in the only large 
remaining portion, the spinal cord! 

La Mettrie (1709-1753), the founder of 
materialism in France, Haller, the Swiss 
physiologist (1708-1777), and Marat, the 
mad doctor of the French Revolution, are 
a few of the many men of the eighteenth 
century who found time to become inter- 
ested in the question. 

All of these studies were serious, but of 
course there had to be ribald wits and 
amusing satirists who viewed the problem 
with a sardonic and with more amusing 
and refreshing views. Chief of these was 
Alexander Pope. This Englishman aided 
by Arbuthnot, the originator of John Bull, 
in “‘Martinus Scriblerus” gives us a look 
which is far from the pedantic and scho- 
lastic ideas we have so far reviewed. A 
few portions of this work are wel] worth 
quoting: 


Martinus Scriblerus 
(Chap. x11) 


How Martinus Endeavoured to Find Out the 
Seat of the Soul, and of His Correspondence 
with the Free-Thinkers. 


In this Design of Martin to investigate the 
Diseases of the Mind, he thought nothing so 
necessary as an Enquiry after the Seat of the 
Soul; in which at first he laboured under great 
uncertainties. Sometimes he was of opinion 
that it lodged in the Brain, sometimes in the 
Stomach, and sometimes in the Heart. After- 
wards he thought it absurd to confine that 
sovereign Lady to one apartment, which made 
him infer that she shifted it according to the 
several functions of life: “‘The Brain was her 
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Study, the Heart her State-room, and the 
Stomach her Kitchen.” But as he saw several 
Offices of life went on at the same time, he was 
forced to give up this Hypothesis also. He now 
conjectured it was more for the dignity of the 
Soul to perform several operations by her little 
Ministers, the Animal Spirits, from whence 
it was natural to conclude, that she resides in 
different parts according to different Inclina- 
tions, Sexes, Ages, and Professions. Thus in 
Epicures he seated her in the mouth of the 
Stomach, Philosophers have her in the Brain, 
Soldiers in their Heart, Women in their 
Tongues, Fiddlers in their Fingers, and Rope- 
dancers in their Toes. At length he grew fond 
of the Glandula Pinealis, dissecting many 
subjects to find out the different Figure of this 
Gland, from whence he might discover the 
cause of the different Tempers of mankind. He 
supposed that in factious and restless-spirited 
people he should find it sharp and pointed, 
allowing no room for the Soul to repose herself; 
that in quiet Tempers it was flat, smooth, and 
soft, affording to the Soul as it were an easy 
cushion. He was confirmed in this by observing 
that Calves and Philosophers, Tigers and 
Statesmen, Foxes and Sharpers, Peacocks and 
Fops, Cock-Sparrows and Coquets, Monkeys 
and Players, Courtiers and Spaniels, Moles 
and Misers, exactly resemble one another in 
the conformation of the Pineal Gland. He 
did not doubt likewise to find the same 
resemblance in Highwaymen and Conquerors: 
In order to satisfy himself in which, it was, that 
he purchased the body of one of the first Species 
(as hath been before related) by Tyburn, 
hoping in time to have the happiness of one of 
the latter too, under his Anatomical knife. . . . 
And as where there is but one Member of 
Generation, there is but one Body, so there 
can be but one Soul; because the said Organ 
of Generation is the seat of the Soul; and 
consequently where there is but one such Organ, 
there can be but one Soul. Let me hear say, 
without injury to truth, that no Philosopher, 
either of the past or present age, hath taken 
more pains to discover where the Soul keeps 
her residence, than the Plaintiff, the learned 
Martinus Scriblerus; and after his most diligent 
enquiries and experiments, he hath been very 
persuaded, that the Organ of Generation is the 
true and only Seat of the Soul. That this part 
is seated in the middle, and near the centre of 
the whole Body, is obvious. From thence, like 


of the Soul 


DECEMBER, 1936 


the sun in the centre of the world, the Soul 
dispenses her warmth and vital influence. Let 
the brain glory in the Wisdom of the aged, the 
Science of the learned, the Policy of the states- 
man, and the Invention of the witty; the 
accidental Amusements and Emanations of 
the Soul, and mortal as the Possessors of them! 
It is to the Organs of Generation that we owe 
Man himself; there the Soul is employed in 
works suitable to the dignity of her nature, and 
(as we may say) sits brooding over ages yet 
unborn... . 


Primitive Races. A great mass of data 
has been collected by anthropologists dur- 
ing the last few years regarding the views 
of the primitive tribes throughout the 
world. The contributions of Hastings and 
Frazier have been particularly valuable 
along these lines and it is from their books 
that most of the following information has 
been gathered. 

Multiplicity of Souls. The Dyaks of 
Malaysia and Borneo believe that every 
man possessed seven souls, the Alpoors in 
the Celebes and the Battas believe that he 
has but three. The Abougmes in Laos main- 
tain that fully thirty spirits reign in the 
hands, the eyes, the lips and the other parts 
of the body. In the Occident the West 
Indian Carib thought that there was one 
soul for the heart, another for the head 
and that one even existed in a pulsating 
artery. Washington Mathews in his ac- 
count of the Hidatsa Indians in Northwest 
America, declared that this tribe explained 
gradual death by presupposing that man 
possessed four souls and that after death 
these slipped consecutively from the body. 
Demise was complete only when all had 
left the corpse. 

According to Groot, certain ancient 
Chinese philosophers attributed two souls 
to man, the “shen” or immortal, the 
“kiver” or material portion which will 
stay in the grave of the buried man. Other 
oriental sages believed in a multiplicity of 
souls, the number depending on the indi- 
vidual, his age and the condition of the 
character of his various organs. The heart 
was considered the seat of vital spirits, to 
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others the five viscera of the body acted 
as “‘depots” for various attributes; the 
lungs “‘billeted” righteousness, the liver, 
benevolence, the kidneys, knowledge, the 
heart, ceremony, and the spleen, trust- 
worthiness. Dreams are the peregrinations 
of the soul. 

The Soul of the Afterbirth. The Aus- 
tralian aborigines of Queensland and the 
Battas of Sumatra considered the umbilical 
cord and the placenta as a living external 
soul.* The ancient Islander declared that 
a child’s guardian spirit, or part of his 
soul, had its site in the chorion, called by 
them the “‘fylgia,” and that this part of the 
afterbirth should never be thrown away 
lest the demons get it. Neither should it 
be burned for the newborn baby would 
then have no spirit. The parents were 
accustomed to bury it under the doorway 
and over this spot the mother would 
step. In this way it could be guarded and 
watched. Furthermore, if the chorion was 
created in the afterlife its guardian spirit 
would or could assume the figure of a 
bear, a wolf, or some such animal. 

Hair. A tribe in one of the Dutch East 
Indies on an island west of Sumatra, have 
a curious legend. In their folklore stories 
they tell of a chief who once upon a time 
was captured by his enemies. His captors 
tried repeatedly to kill the unfortunate 
man but without success for everything, 
even fire and water, would not destroy 
him. At last they prevailed upon his wife 
to reveal the secret of the captive’s charmed 
life and Delilah-like she did. It seemed that 
on her husband’s head was a hair which 
was as hard as copper wire, and it was in 
this and with this that his life was bound. 
At once this was plucked by his foes, and 
immediately the poor victim expired! 

Intestines. The Khasis of Assam have a 
variation of this story: There was once a 
King named Kyllong of Mada who was so 
strong that no one could “permanently” 


*The early Christian Church here encountered 
technical difficulties and there was at least one church 
council that tried to settle the baffling problem as to 
whether or not human afterbirth was immortal. 
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kill him. However, his rival managed to 
capture him and would repeatedly chip 
him to bits, but the next day always found 
the sturdy individual completely recon- 
structed and very much alive. This con- 
tinued for some time until finally the chief 
was “framed” by a beautiful slave wife 
who was given to him and who continually 
coaxed him to tell her his secret. He refused 
to do this for some time for he undoubtedly 
suspected a ruse but finally the poor man 
succumbed to her pleadings. The monarch 
informed his beautiful mate that he was 
compelled to bathe every day and at the 
same time to “wash his entrails.” After 
this self administered enema he could and 
would only take food, and no one could 
overcome him unless they “secured” his 
intestines. Of course, as soon as his mistress 
obtained this information she informed her 
true friends and the poor king’s gastro- 
intestinal tract was soon cut to pieces in 
short order. Then and then only did his 
soul leave him and he ceased to live. 

Spinal Cord. The natives of New Zea- 
land believed that the soul was located in 
the spinal “‘marrow” (Goome). 

Modern Beliefs. ‘Time will not permit 
an elaboration of the European and Amer- 
ican views of the nineteenth and twentieth 
centuries of the Christian Era. The reader 
is referred to Norman Pearson, Ernest 
Haeckel, Vogt, and others for detailed 
discussions on the subject. Briefly, the 
attempt has been made to restore the soul 
to a function of the cell, although there 
are those who deny (Edison) that there 
is any soul whatsoever. Haeckel would 
have it that every living cell has its own 
psychic properties and that a “‘tissue- 
soul” develops with progressive cellular 
changes. Stahl and Hudson presupposed 
the soul to be diffused throughout the 
entire body while Lotze theorized that it 
was only in contact with the brain at 
highly differentiated parts. There are 
numerous other philosophers who believe 
that as the body is evolved the soul has 
progressed hand in hand, so to speak, with 
it and would not confine it to any mono- 
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cellular activities. From the physiochemical 
aspect we find in the last decade one man, 
Mathews, who ascribed a soul to the atom 
which may enter and leave hydrogen. We 
quote, “(A soul) is a minute portion of 
luminiferous ether, of time and space, of 
eternity and infinity.” 

In concluding there is perhaps no more 
fitting quotation with which the entire 
subject regarding the site of the human 
soul may be summarized than the following 
taken from “The Religio Medici” of Sir 
Thomas Browne: “In our study of Anat- 
omy there is a mass of mysterious Philoso- 
phy and as such reduce the very Heathens 
to Divinity yet amongst all those rare 
discoveries and curious pieces I find in 
the Fabrick of man... no Organ or 
Instrument for the rational Soul... . ” 
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THE RELIEF OF Pain. A HANDBOOK OF 
Mopern ANAtcEsIA. By Harold Balme, 
M.D., F.R.C.S. (Eng.), p.p.H. (Lond.). With 
an introduction by Sir E. Farquhar Buz- 
zard, Bt. Philadelphia, P. Blakiston’s Son 
& Co., Inc., 1936. 


Sir E. Farquhar Buzzard, Regius Professor 
of Medicine in the University of Oxford, in the 
Introduction, among other things, writes, 
“. .. Dr. Balme, in this volume, has sepa- 
rated it (pain) from its familiar companions— 
the treatment of painless symptoms and dis- 
abilities—and, as far as possible, given it his 
undivided attention. He has not failed, how- 
ever, to emphasize the eternal truth that the 
first essential in the relief of pain is a knowledge 
of its cause, and that the characteristics of pain 
often point the way to that knowledge. Nor has 
the author overlooked the difficulty, so well 
known to every practitioner of medicine, of 
estimating the importance of the personal or 
psychological factor in an attempt to assess the 
severity of suffering in every individual who 
calls for relief.”” In a way this is a competent 
book review. 

Dr. Balme, in his small, well written book, 
divides it into four parts. Part one has the head- 
ing “The Problem of Pain” and covers The 
Nature of Pain, The Pathway of Pain, Sensi- 
tivity to Pain, Pain and Psychical Phenomena, 
The Classification of Painful Sensations, The 
Investigation of Pain. Part Two deals with 
“General and Systemic Pain (Pain from In- 
flammatory Disorders, from Injuries, from 
Disease of the Skeletal System, of the Nervous 
System, of the Circulatory System, and In- 
tractable Pain)”’; Part three deals with “‘Reginal 
Pain,” and Part four with “The Therapeutics 
of Analgesia.” There is a general Index. 

A book that can be read with profit by all 
physicians. 


ENDOCRINOLOGY IN MopERN PRACTICE. 
By William Wolf, m.p., M.s., PH.D. IIlus- 
trated. Philadelphia, W. B. Saunders 
Company, 1936. Price $10.00. 


This work was written to provide the practi- 
tioner with a full and usable knowledge of 
clinical endocrinology. 
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The writer gives the significant features of 
the normal anatomy, histology, embryology, 
physiology and biology for each gland, so that 
the reader will have a background for the 
various endocrinopathies. The author in his 
preface writes, ““The text has been so arranged 
as to provide the practitioner with a full 
and usable knowledge of clinical endocrinology. 
. . « The book has as one of its prime objects 
the encouragement of the physician to think 
along endocrine lines, no matter what his 
general or special field happens to be. Sections 
have been included on the use of gland extracts 
and preparations for purposes other than sub- 
stitution, since this line of therapy is gaining 
wider and wider application. In order to aid the 
reader in the selection and mode of employ- 
ment of endocrine substances which are com- 
mercially available, those of more or less proved 
merit are classified and described as to indica- 
tions, composition, administration and dosage.” 

It has been said that the next and coming 
epoch in medicine will be along the lines of 
endocrinology. Hardly a month passes but 
what new facts are learned, accepted facts dis- 
carded, and these new facts may be changed a 
year hence. But, in this work of over a thousand 
pages, which includes an Index, we have the 
subject, in detail, up to date. 

To the physician who desires the latest 
authoritative work on this complex subject, 
especially if he wishes to learn how to diagnose 
and treat human ailments caused by endocrine 
conditions, he will do well to give Dr. Wolf’s 
book careful consideration. 


Batancep Diet. Logan Clendenn- 
ing. New York, D. Appleton-Century Co., 


1936. 


This is a brief two hundred page presentation 
in the author’s well known and popular style, of 
subject matter from sources rather widely 
apart. 

A condensed review of historical contribu- 
tions to the solution of the problem of man’s 
proper diet is supplemented with a number of 
illustrations depicting pioneers in the field of 
biochemistry and nutrition. The role of the food 
elements and accessory factors are discussed in 
simple terms and the problem of the so-called 
deficiency diseases is emphasized. A second 
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division of the book discusses diet at different 
age periods and in various disease conditions, 
food fads and food economics. Tables showing 
food composition and caloric values are ap- 
pended and a two-page bibliography cites the 
references to miscellaneous material from 
which the writer has drawn, perhaps, somewhat 
at random. 

As an informative and entertaining collection 
of many bits, the book may be said to afford 
the reader an enjoyable literary repast, but 
hardly a complete and well balanced intel- 
lectual meal. 

It is striking, for example, that the name of 
Lafayette B. Mendel, a preeminent authority 
on food and nutrition, is not found in the 
bibliography or index. 


Procrotocy. By Frank C. Yeomans, 
A.B., M.D., F.A.C.S., M.R.S.M. (London, Hon.). 
Price $12. Second Edition. 421 illustrations 
and 4 colored plates. New York, D. Apple- 
ton-Century Company, 1936. 


This work has enjoyed a wide audience for 
the past seven years. During this time marked 
progress has been made in the subject. With 
this in mind Dr. Yeomans has revised the text 
and made many changes and_ additions. 
Twenty-five new illustrations have been added 
to this second edition. 

Those familiar with the first edition will note 
especially the following notable changes: 

Injection treatment of hemorrhoids; Oil- 
soluble anesthetics in pruritis ani, fissures and 
other rectal conditions; Radiodermatitis; His- 
topathy of anal crypts; Recent views on the 
etiology and therapy of chronic ulcerative 
colitis; Agranulocytic angina, anorectal in- 
volvement; Lymphopathia venera in the 
etiology of rectal stricture; Results of sym- 
pathetic ganglionectomy and ramisectomy in 
megacolon; Melanosis coli; Pectenosis and 
pectenotomy; Subarachnoid injection of alcohol 
for relief of intractible pain in advanced 
malignant disease; Two stage operation for 
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carcinoma of the rectum, following the tech- 
nique of Rankin and Lahey. 

For the practitioner who wishes to learn 
about, brush up and get up-to-date on, or, at 
times, refer to some subject in proctology, 
Dr. Yeomans’ book meets every need. It is 
delightfully written, the illustrations are a help 
to the text and not thrown in for padding, and 
the Index has been well prepared. 


THE OPERATIONS OF SuRGERY. By R. P. 
Rowlands, M.s., F.R.c.s. and Philip Turner, 
B.SC., M.S., F.R.C.S. Eighth Edition. Price 
$10. Volume 1. The Upper Extremity, 
The Head and Neck, The Thorax, The 
Lower Extremity, The Vertebral Column. 
435 illustrations (38 in color). Baltimore, 
William Wood & Company, 1936. 


This book is the direct descendant of the 
“Operations of Surgery,” by the late W. H. A. 
Jacobson, first published in 1899. Recently, 
Rowlands, who gave so much time and work 
to the last three editions, died. Before his death 
he had done much work on the new edition, and 
had completed in type and manuscript about 
300 pages. The remaining portion of the work 
was undertaken by Mr. W. H. Ogilvie, Mr. 
Grant Massie and Mr. A. R. Thompson. The 
section on Gynecology has been revised and 
largely rewritten by Mr. G. F. Gibberd. 

There is no need to review in detail a work 
that is known throughout the English speaking 
world and is now offered in an eighth edition. 
Suffice to say that throughout the work stress 
is laid upon the indications for and against 
operations, and special attention is called to 
possible pitfalls, errors and difficulties. The 
editor says ““We hope that this book may help 
readers to acquire knowledge and to avoid 
mistakes; but no book can possibly replace 
practical training and experience, which are 
essential for a surgeon who hopes to be worthy 
of his high calling.”’ This frankness is refreshing. 

This book has earned for itself a permanent 
place in the literature of surgery. It is a book 
any surgeon well might possess. 
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